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Energy Research Advisory Board 
to the 

United State* Department or Energy 
J000 Independence Avenue, S.W. 
Washington, D.C.20S85 
(202)586-5444 


July 12* 1989 


To: Cold Fusion Panel 

Enclosed Is the Draft Interim Report, Please submit your comments by COB July 
21 to John Hulzenga (FAX No. (716) 473-6889) with a copy to Dave Goodwin 
(FAX No. (301) 353-5079). 


A hard copy of the draft will follow In the regular mall. 

John Hulzenga will send you In several days a schedule of future P* nel . 
activities. Among these are two meetings, one at Chicago 0 Hare Airport on 
October 13 and a final meeting on October 30-31. Please note these dates on 
your calendars. 


Enclosure 
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DRAFT 

INTERIM REPORT OF THE COLD FUSION PANEL TO 
THE ENERGY RESEARCH ADVISORY BOARD 


THIS IS A PRELIMINARY DRAFT THAT HAS NOT YET BEEN SEEN BY ALL PANEL 
MEMBERS. IT HILL BE SENT TO ALL PANEL MEMBERS FOR THEIR COMMENTS. 
AFTER THEIR COMMENTS ARE INCORPORATED, THE PANEL'S REPORT WILL BE 
SUBMITTED TO THE FULL ERAS. THE FULL ERAB WILL REVIEW THE PANEL'S 
REPORT FOR POSSIBLE MODIFICATION OR REVISION AND APPROVAL PRIOR TO 
SUBMISSION TO THE SECRETARY. 


INTRODUCTION 

As a result of the startling announcements In March 
claiming the attainment of cold fusion, the Secretary of Energy requested (see 
Appendix A) that the Energy Research Advisory Board (ERAB) convene a panel 
(see Appendix 6} to assess the possibility of cold fusion. The panel meetings 
and schedule of laboratory visits are summarized in Appendix C. 

Since the above announcement, many laboratories worldwide have initiated 
research in cold fusion. In the United States, a major effort has been 
undertaken to search for cold fusion by a large number of research groups at 
Industry, university, and national laboratories. Unfortunately, at the 
present time, the reports from different laboratories are quite divergent. 

Some laboratories claim excess power production attributed to cold fusion, 
usually for Intermittent periods and for various periods of time but with no 
supporting evidence for the production of commensurate quantities of fusion 
products. Other laboratories find no measurable excess power production and 
no measurable high levels of fusion products. Some laboratories attribute the 
discrepancies to inaccuracies In measurements, others to non-reproducibility 
of a new and not understood process. Tritium levels above normal have been 
reported In some cells following electrolysis but not In others. Neutrons 
near background have been reported In some 0 2 0 electrolysis and pressurized D 2 
gas experiments, but at levels 10 12 below the amounts required to explain the 
experiments claiming excess power. 

In the past 8 weeks the Panel or subgroups thereof have participated In the 
Workshop on Cold Fusion In Santa Fe, have visited the laboratories listed in 
Appendix C, have studied the open literature and numerous privately 
distributed reports, and have participated In many discussions. 
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GENERAL CONCLUSIONS 

Although the Panel's task Is not yet completed, {[|jJ !jj!® ful 

experiments reported to date do not present convincing i 
sources of energy will result from the phenomena attributed to cold fusion. 
Indeed, evidence for the discovery of a new nuclear Process fus1on 

Is not persuasive. Hence, no special programs to establish cold f* 1 *;®"*. . 
research centers or to support new efforts to find cold fusion are Justified 

at the present time. 

However, there remain unresolved issues and scientifically 1n £ e ™j st ' n 9 
questions stemming from reported cold fusion efforts. Some of these are 
rel.v.nt to tb. A.lon of MC Mid should bo hondlod by cowful ly fwusod md 
cooperative efforts within current programs by normal mechanisms for project 
selection. 

The reports of excess heat and fusion products are assessed n 

sections. Preliminary recommendations are summarized In the final section. 


CALORIMETRY AND EXCESS HEAT 






The claim for electrochemical ly charged palladium cells as P™ s P®^ti™ jwergy 
sources rests on reports of "excess heat (or, more precisely, P°w®£) 

that cannot be accounted for In the thermal balance normally applied to water 
electrolysis. Among the Issues the Panel addressed In site visits were 
whether the power levels themselves are being accurately measured and whether 
the reactions being considered in these cells are, In fact, satisfying the 
chemical assumptions made. These heat measurements have been done with 
calorimetry varied as to technique and to levels of precision and accuracy. 

In most cases, calorimetric effects attributable to excess heat are very small 
and the calorimetric measurements are difficult and subject to subtle errors 
arising from various experimental problems. 

For the purposes of this report, the calorimetry is usefully differentiated as 
to whether the D, and 0, gases are allowed to exit the cell completely 
unreacted or are intentionally catalytlcally recombined to regenerate 0 2 0 and 
to recover the corresponding heat. In the case of open cells, where the gases 
are assumed to be vented without reaction, any output power (as heat) greater 
than the electrical Input power minus the power equivalent of the 0 2 0 
formation enthalpy [1.527 V x I (cell current) Is considered excess, a result 
reported by several groups. In closed cells with total recombination (and 
with a deuterium-charged Pd electrode), the total Bl «ctr 1 cal power In and 
total heat power out would normally balance (as for Pt and Pd electrodes in 
light water). At present no experimenters who have performed calorimetry with 
closed calls under strict recombination conditions have reported any e * ces * 
heat. Another Important point Is that most of the reported measurements with 
open cells are actually power measurements, and the data have not conclusively 
demonstrated that the total amount of energy produced (as heat and chemical 
energy) exceeds the total electrical energy Input. 

Since the claimed excess heats have. In most cases, been of a ^‘{ude 
significantly less than the 1.527 V x I factor itself, Issues of calibration. 
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reliability, and support of the assumptions of zero recombination are 
especially critical. The Panel's site visits have identified experimental 
uncertainties, e.g., nonl Inearl ties of the calibration In power output vs. 
temperature, time dependence of calibration, and doubtful accuracy of data 
acquisition relative to the magnitude of the effects asserted. Even in 
laboratories that report excess heat, this effect, under apparently Identical 
conditions, Is often not reproducible. In none of our visits to the different 
sites did we see an operating cell that was actually producing excess heat. 

So far, we have seen no experimental results that are i 
ambiguities and calibration problems to make us confident that the steady 
pi ductlon of excess heat has been observed. However, there are reports of 
spo/adlc temperature "excursions" or "bursts" that apparently represent power 
outputs significantly larger than the input power. These events cannot be 
attributed to problems with accuracy or calibration alone and are presently 
not understood. In general, the calorimetry to date does not persuasively 
demonstrate the production of excess heat, but the bursts will require 
evaluation In the Panel’s final report. 


,0 

FUSION PRODUCTS 

Since deuterium fusion necessarily yields fusion products (neutrons, protons, 
tritium, ’He, *He, gamma rays), It Is essential to establish the presence of 
such products In any claim of fusion. Each watt of power must be accompanied 
qualitatively by 10 1z particles per second. This makes product detection by 
far the most sensitive method to search for fusion. Results to date on fusion 
products are summarized In the following paragraphs. 

Neutrons are an established signature of the well studied d+d fusion reaction. 
Although many experimenters report no neutrons, some report as many as 
1 neutron per second. If confirmed, this rate would be of some scientific 
Interest (even If not Indicative of cold fusion). This rate Is so far below 
the 10’ 2 neutrons per second required for 1 watt that It Is of no Interest as 
a practical energy source. 

Numerous experimenters have sought tritium production In electrochemical cells 
and have found no excess tritium. One group reports finding up to 10 
tritium atoms (neglecting losses to the gas phase) In each of several cells 
with Pd cathodes and Ni anodes. Some of these experimenters report neutrons 
produced from similar electrochemical cells, but at a rate of about one 
neutron per second. If the tritium were a result of deuterium fusion, the 
rate of neutron production should be comparable and thus some 10 times 
greater than reported. 

Another Important fusion signature Is s He which should be detectable within a 
cathode after operated at fusion power levels of watts. It has been 
postulated that the cold fusion reaction might conceivably proceed 
predominately by the production of *He and thermal energy. None of the 
researchers to date, including those reporting the production of heat, have 
reported *He or *He above the detectable level of 10 atoms. One watt- hour of 
energy corresponds to more than 10 15 atoms. 
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Low level cold fusion In geologic processes has been proposed to cause high 

fye^Ha ratios and tritium abundances associated with volcanoes. Several 

laboratories are currently attempting to detect volcanic tritium. 

INTERIM RECOMMENDATIONS 

1. The Panel recommends that the cold fusion research efforts In the area 
of heat production focus primarily on confirming or disproving reports 
of excess heat. Emphasis should be placed on calorimetry with closed 
systems ind total gas recombination, use of alternative calorimetric 
methods reasonably well characterized materials, exchange of 
"promising" electrodes between groups, and careful estimation of 
systematic and random errors. Cooperative experiments are encouraged to 
resolve some of the claims and counterclaims In calorimetry. Such 
experiments should be pursued at a limited number of laboratories and 
supported at a modest level on the basis of competitive proposals. At 
the present timB, the panel recommends against any significant 
expenditures to establish cold fusion research centers or to support new 
efforts to find cold fusion, 

2. A shortcoming of most experiments reporting excess heat Is that they are 
not accompanied In the same cell by simultaneous monitoring for 
equivalent fusion products. If the excess heat Is to be attributed to 
fusion, such a claim should be supported by measurements of fusion 
products at commensurate levels. 

3. Experiments designed to check the reported production of excess tritium 
In electrolytic cells are desirable. 

4. Experiments reporting fusion products (e.g., neutrons) at a very low 
level, If confirmed, ire of scientific interest but have no apparent 
applications to the production of useful energy. Continued support of 
such experiments at modest levels Is justified, provided the proposals 
for such research are evaluated In comparison with other DOE research 
proposals. In view of the difficulty of these experiments, 
collaborative efforts are encouraged to maximize the detection 
efficiencies and to minimize the background. 
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DRAFT 

INTERIM REPORT OF THE COLD FUSION PANEL TO 
THE ENERGY RESEARCH ADVISORY BOARD 


CAUTION: THIS IS NOT AN ERAB REPORT 

REVISION 1 7/11/89 

As a result of the startling announcement on March 23, 1989 by University of 

Utah scientists claiming the attainment of cold fusion, the Secretary of 

♦ 

Energy requested (see Appendix A) that the Energy Research Advisory Board 
(ERAB) convene a panel (see Appendix B) to assess the possibility of cold 


fusion. The panel meetings and schedule of laboratory visits are summarized 
in Appendix C. 

Since the above announcement, many laboratories worldwide have initiated 
research in cold fusion. In the United States, a major effort has been 
undertaken to search for cold fusion by a large number of h f ^ glj 1 y^-qua 1 i f i e d 
research groups at Industrial, University, and National Laboratories. 
Unfortunately, at the present time, the reports from different laboratories 
are quite divergent. Some laboratories claim excess power production 
attributed to cold fusion, usually for intermittent periods and for various 


periods of time but with no supporting evidence for the production of ! 
commensurate quantities of fusion products. Other laboratories cTkiTif no 1 \ r 

excess power production and no High levels of fusion products. Some 

laboratories attribute the discrepancies to inaccuracies in measurements, 
others to intrinsic non-reproductibility of a new and not understood process. 
Tritium levels above normal have been obsei^ved' i n some cells following y^j 
electrolysis, neutrons near background have been ci^inrbS' in some D 2 0 
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electrolysis experiments but at levels 10 13 below the amounts commensurate 


A 


with the experiments claiming excess power. 
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Although the Panel's task is not yet complete, the experiments reported to 
date do not present convincing evidence that significant sources of energy 
will result from this phenomena attributed to cold fusion. Hence, no special 
programs to establish cold fusion research centers or to support new efforts 
to find cold fusion are justified at the present time. 


VV 
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However, there remain unresolved issues stemming from reported cold fusion 

t 3 

efforts. Resolution of these issues, some of which are relevant to the 
mission of DOE, should be handled within current programs by normal mechanisms 
for selecting projects for support. 

The justification for the foregoing conclusions is presented below, where the 


going co 


reports of excess heat and fusion products are assessed in separate sections. 
Preliminary recommendations are summarized in the final section. 


CALORIMETRY AND EXCESS HEAT 


jn Fxr 




The claim for electrochemical ly charged palladium cells as a potential energy 
source rests on reports of "excess heat" (or, more precisely, excess power) 
that cannot be accounted for in the thermal balance normally applied to water 
electrolysis. One of the questions the Panel addressed in site visits is 
whether the power levels themselves are being accurately measured or whether 
the reactions being considered in these cells are, in fact, satisfying the 



chemical assumptions made. These heat measurements have been done with 
calorimetry varied as to technique and levels of precision and accuracy. For 
the purposes of this report, two types of calorimetry are differentiated by 
whether the D 2 and 0 2 gases are allowed to exit the cell completely unreacted 
or are catalytically recombined to D 2 0 as recovered heat. 

In the case of open cells, where the gases are assumed to be completely 
nonreactive, any output power (as heat) greater than the electrical input 
power minus the voltage equivalent of the D 2 0 formation enthalpy [1.527 V x I 
(cell current)] is considered excess, as reported by several groups. In 
closed cells, with total recombination, the enthalpy of the D 2 /0 2 reaction is 
restored to the steady state heat balance of the fully deuterium-charged 
electrode such that the total electrical power in and total heat power out 
would normally balance (as for Pt and Pd electrodes in light water). At 
present, no experimenters who have performed calorimetry under strict 
recombination conditions (closed cells) reported any excess heat . Another 
important point is that most of the reported measurements with open cells are 
actually instantaneous power measurements and the data have not conclusively 
demonstrated that the total amount of energy produced (as heat and chemical 
energy) exceeds the total electrical energy input. 

Since the claimed excess heats have, in most cases, been of a magnitude 
significantly less than the 1.527 I factor itself, issues of calibration, 
reliability, and support of the assumptions of zero recombination are 
especially critical. The Panel's site visits have identified experimental 
uncertainties, e.g., nonlinearities of the calibration in power outputs vs. 
temperature, time dependence of calibrations, and doubtful accuracies of data 



acquisition relative to the magnitude of the effects asserted. Even in 
laboratories that report excess heat, this effect, under apparently identical 
conditions, is often not reproducible. In none of our visits to the different 
sites did we see an operating cell that was actually producing excess heat. 

So far, we have seen no experimental results that are sufficiently free of 
ambiguities and calibration problems to make us confident that the steady 
production of excess heat has been observed. However, there are reports of 
temperature "excursions" or "bursts" that apparently represent power outputs 
significantly larger than the input power. These events cannot be explained 
by problems with accuracy or calibration alone (and require particle 
measurements to determine whether their origin is due to fusion or chemical 
processes). Other than these presently inexplicable events, the calorimetry 
to date indicative of excess heat is not conclusive. 


PARTICLES 



Since deuterium fusion necessarily produces fusion products (neutrons, 
protons, tritium, 3He, 4He, xrays and/or gamma rays), it is essential to 
establish the presence of such products in any claim of fusion. Each watt of 
power must be accompanied qualitatively by 10 12 particles per second. This 
makes product detection, by twelve orders of magnitude, the most sensitive 
method to search for fusion. Results to date on product production are 
summarized in the following paragraphs. 


Although many experiments report no neutrons, some have reported on the order 
of 0.1 neutron per second. If confirmed, this would be of some scientific 
interest (even if not cold fusion), but because this is so far below the 10 12 
neutrons per second required for 1 watt, anticipated by established fusion 



reactions (about one-half of which produce neutrons), it has no current 


applicability as an energy source. 


Numerous experiments have sought tritium production in electrochemical cells. 
One group of experimenters reports production in several cells of up to some 
10 10 tritium atoms per second (neglecting losses to the gas phase) for Pd 
cathodes and Ni anodes. The same laboratory reports neutrons produced from 


similar electrochemical cells, but at a rate of about one neutron per second, 
if the tritium were a result of deuterium fusion, neutron production should be 
some 10 billion times grater than reported. Additional measurements of 
tritium in cells reported to produce excess heat are urgently needed by 


independent groups. 



,N<y 

3He and 4He (if one assumes the high l^Sin t i ke 1 y reaction d+d 


4He + lattice 


energy is the dominant fusion reaction) are other important fusion signatures 
which should be present in detectable quantities (especially within the metal 
of the cathodes) at fusion levels of 1 watt. None of the searches to date 
(including those reporting the production of heat) have reported the 
generation of He above the detectable level of 10 atoms which is one 


millionth the amount of helium produced in one hour be one watt of fusion. 


INTERIM RECOMMENDATIONS 

1. The Panel recommends that the cold fusion research efforts in the area 
of heat production focus primarily on confirming or disproving reports 
of excess heat. Emphasis should be placed on calorimetry with closed 
systems with total gas recombination, use of alternate calorimetric 



2 . 


methods, and exchange of "promising" electrodes between groups and 
careful estimation of systematic and random errors. Cooperative 


experiments are encouraged to quickly resolve some of the claims and 
counter claims in calorimetry. Such experiments should be pursued at a 
limited number of laboratories and supported on the basis of competitive 
proposals, at a modest level. At the present time, the panel recommends 
against any significant expenditures to establish cold fusion research 


centers or to 


support new 


efforts to find cold fusion. 



A shortcoming of experiments reporting excess heat is that they are not 


accompanied in the same cell at the same time by the expected equivalent 


production of fusion products. If the excess heat is to be attributed 
to fusion, such a claim should be supported at a commensurate production 

/<(o 

of fusion products. 


3. Experiments reporting production of fusion products (e.g., neutrons) at 
a very low level, if confirmed, are of scientific interest but cannot 
account for the reported excess heat and have no apparent applications 
to the production of useful energy. Continuation of research support of 
such experiments at modest levels is justified provided the proposals 
for such research are evaluated in comparison with other DOE research 
proposals. Considering the difficulty of these experiments, 
collaborative efforts are encouraged to maximize the detection 
efficiencies and minimize the background. 



Possible addition to "Particles 


Possible low-level cold fusion has also been inferred in geologic processes,^ 
3 He/ 4 He is---aftefrralems3^ hTp in volatiles from deep-source volcanoes such as 



/^\ 


d fusion at depth (within the earth. 


su ggested bv fr^Biefttitrv-nfartT: A1 thougTPfRe high 

1 c 

earth processes, preserve of anomal otrf\ 3 H (beyond that due'tp bomb tests) would 

I / I 

be definitive evidence of natural co 

Implications would be major for geophysical problems such as heat-fl ow modelling, 

element-distribution with depth, and composition of the core. Rigorous search 

1 / \ / V p^L—^ Z 

i/ii volcanic vpj^tiles is being initiated at severaj/government and 
ity .Vrts. " ^ 
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As a result of the startling announcement on March 23, 1989 by University of 
Utah scientists claiming the attainment of cold fusion, the Secretary of 

Energy requested (see Appendix A) that the Energy Research Advisory Board 

v/nV 

(ERAB) convene a panel (see Appendix B) to assess the possibility of cold 
fusion. The panel meetings and schedule of laboratory visits are summarized 


in Appendix C. 
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Since the above announcement, many laboratories worldwide have initiated 
research in cold fusion. In the Uryted States, a major effort has been 
undertaken to search for cold fusion by a large number of highly qualified 
research groups at Industrial, University and National Laboratories. Although 
the Panel's task is not yet complete, it is unlikely that significant sources 
of energy will result from cold fusion in the near term, if ever. Hence, no 
program giving significant expenditures to establish cold fusion research 
centers or to support new efforts to find cold fusion justified based on 
any of the work reported in the open literature or ma44 available to us during 
our eight weeks of study. 


Despite the present lack of basis for claiming a new source of energy, there 
remain some interesting scientific issues stemming from the cold fusion 
efforts that are unresolved. Resolution of the basic science issues, some of 


which are relevant to the mission of DOE, does not require a special 
initiative and should be dealt with in a manner consistent with selecting for 
support the best science projects proposed from the scientific community. 


The justification for the foregoing concl usion^is presented below, where the 
reports of exce:.; heat and fusion particles are assessed in separate sections. 
Preliminary recommendations are summarized in the final section. 


CALORIMETRY AND EXCESS HEAT 



The claim for electrochemically charged palladium cells as a potential energy 


source rests on reports of "excess heat" (or, more precisely, excess power) 

0 

that cannot be accounted for in the thermal balance normally applied to water 
electrolysis. One of the questions the Panel addressed in site visits is 

whether the power levels themselves are being accurately measured or whether 

/yA * 

the reactions being considered in these cells are, in fact, satisfying the 
chemical assumptions made. These heat measurements have been done with 
calorimetry varied as to technique and levels of precision and accuracy. For 
the purposes of this report, two types of calorimetry are differentiated by 
whether the D 2 and 0 2 gases are allowed to exit the cell completely unreacted 
or are catalytically recombined to D 2 0 as recovered heat. 


In the case of open cells, where the gases are assumed to be completely 
nonreactive, any output power (as heat) greater than the electrical input 
power minus the voltage equivalent of the D 2 0 formation enthalpy [1.527 V x I 
(cell current)] is considered excess, as reported by several groups. In 
closed cells, with total recombination, the enthalpy of the D 2 /0 2 reaction is 



processes). Other than these presently inexplicable events, the calorimetry 
to date indicative of excess heat is not conclusive. 


PARTICLES 


Since deuterium fusion necessarily produces fusion particles (neutrons, 
protons, tritium, 3He, 4He, xrays and/or gamma rays), it is essential to 
establish the presence of such particles in any claim of fusion. Each watt of 
power must be accompanied qualitatively by 10 12 particles per second. This 
makes particle detection, by twetve orders of magnitude, the most sensitive 

"* S.J ^ 

e productWtv'are 


method to search for fusion. Results to date on 


summarized in the following paragraphs 
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Although many experiment^ report no neutron/ (established fusion reactions^ 
produce nfrWf-Hw-h-al f n f ^hirh prriHurp n/s). some have reported on t-heorder 
IP-pfHfc^ neutron per second. If confirmed, this would be of some scientific 

interest (even if not cold fusion), but because this is so far below the 10 1Z • 

neutrons per second required for 1 watt, if has no i-eabi 1-i-ty . } 
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Numerous experiments have sought tritium production in electrochemical cells. 

One group of experimenters reports production in several cells of up to some 
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10 10 tritium atoms per second (neglecting losses to the gas phase) for Pd 
cathodes and Ni anodes. The same laboratory reports neutrons produced from 
similar electrochemical cells, but at a rate of about one neutron per second, 


if the tritium were a result of deuterium fusion, neutron production should be 
some 10 billion times grater than reported. Additional measurements of 


1 



restored to the steady state heat balance of the fully deuterium-charged 
electrode such that the total electrical power in and total heat power out 
would normally balance (as for Pt and Pd electrodes in light water). At 
present, no experimenters who have performed calor imetry under strict 
recombination conditions (closed cells) reporte d any excess heat. Another 
important point is that mo; l of the reported measurements with open cells are 
actually instantaneous power measurements and the data have not conclusively 


demonstrated that the total amount of energy produced (as heat and chemical 


energy) exceeds the total electrical energy input. 
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Since the claimed excess heats have, in most cases, been of a magnitude 
significantly less than the 1.527 I factor itself, issues of calibration, 
reliability, and support of the assumptions of zero recombination are 
especially critical. The Panel's site visits have identified experimental 
uncertainties, e.g., nonlinearities of the calibration in power outputs vs. 
temperature, time dependence of calibrations, and doubtful accuracies of data 
acquisition relative to the magnitude of the effects asserted. Even in 
laboratories that report excess heat, this effect, under apparently identical 
conditions, is often not reproducible. In none of our visits to the different 
sites did we see an operating cell that was actually producing excess heat. 

So far, we have seen no experimental results that are sufficiently free of 
ambiguities and calibration problems to make us confident that the steady 
production of excess heat has been observed. However, there are reports of 
temperature "excursions” or "bursts" that apparently represent power outputs 

significantly larger than the input power. These events cannot be explained 

^ 

by problems with accuracy or calibration alone (andt==Fe^u+Fe particle^ 

is due to«#us4#n--0r chemical 



tritium in cells reported to produce excess heat are urgently needed by 


independent groups. 


MjbA 


3He and 4He ()/'one assumes the highly unlikely reaction d+d /"4He + lattice 
energy is the dominant fusion reaction) are other important fusion signatures 
which should be present in detectable quantitier (especially within the metal 
of the cathodes) at fusion levels of 1 watt. None of the searches to date 
(including those reporting the production of heat) have reported the 
generation of He above the detectable level of 10 atoms which is one 

millionth the amount of helium produced in one hour be one watt of fusion. 

/? 


INTERIM RECOMMENDATIONS 

1. The Panel recommends that the cold fusion research efforts in the area 
of heat production focus primarily ori confirming or disproving reports 
of excess heat. Emphasis should be placed on calorimetry with closed 
systems with total gas recombination, use of alternate calorimetric 
methods, and exchange of ^“omtsiTTg*" electrodes between groups. Such 
experiments should be pursued at a limited number of laboratories and 
supported on the basis of competitive proposals, at a modeslevel. 
Cooperative experiments are encouraged to quickly resolve some of the 
claims and counter claims in calorimetry. Hence, the panel at the 
present time recommends against any significant expenditures to 
establish cold fusion research centers or to support new efforts to find 


cold fusion. 


2 . 


The major shortcoming of excess heat experiments to date is that they 
are not accompanied in the same cell by the expected equivalent 



production of nuclear particles. Hence, the Panel recommends that all 
future calorimetric measurements be accompanied by careful and reliable 
measurements of fusion particles. All claims in the future of excess 
heat as due to fusion must demonstrate an equivalent production of 
particles. 


Experiments reporting production of particles at a very low level, if 
confirmed, are of scientific interest but have no apparent implications 
of the production of useful energy. Continuation of research support of 
such experiments at modest levels is justified provided the proposals 
for such research are evaluated in comparison with other DOE research 
proposals. Since very low particle backgrounds are of great importance, 


collaborative experiments are encouraged to maximize the particle 

/<jo 

sensitivity. 




CALORIMETRY AND EXCESS HEAT 


The claim for electrochemically charged palladium cells as a potential energy 
source rests on reports of "excess heat" (or, more precisely, excess power) 
that cannot be accounted for in the thermal balance normally applied to water 
electrolysis. Among the issues the Panel addressed in site visits were 
whether the power levels themselves are being accurately measured and whether 
the reactions being considered in these cells are, in fact, satisfying the 
chemical assumptions made. These heat measurements have been done with 
calorimetry varied as to technique and levels of precision and accuracy. For 
the purposes of this report, the calorimetry is usefully differentiated as to 
whether the D 2 and 0 2 gases are allowed to exit the cell completely unreacted 
or are intentionally, catalytically recombined to regenerate D 2 0 and recovered 
the corresponding heat. 
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In the case of open cells, where the gases are assumed to be vented without 
reaction, any output power (as heat) greater than the electrical input power 
minus the power equivalent of the D 2 0 formation enthalpy [1.527 V x I (cell 
current)] is considered excess, as reported by several groups. In closed 
cells with total recombination, (and with a deutrenium-charged Pd electrode) 
the total electrical power in and total heat power out would normally balance 
(as for Pt and Pd electrodes in light water). At present, no experimenters 
who have performed calorimetry, in closed cells, under strict recombination 
conditions have reported any excess heat. Another important point is that 
most of the reported measurements with open cells are actually power 
measurements and the data have not conclusively demonstrated that the total 



amount of energy produced (as heat and chemical energy) exceeds the total 
electrical energy input. 


Since the claimed excess heats have, in most cases, been of a magnitude 
significantly less than the 1.527 I factor itself, issues of calibration, 
reliability, and support of the assumptions of zero recombination are 
especially critical. The Panel's site visits have identified experimental 
uncertainties, e.g., nonlinearities of the calibration in power outputs vs. 
temperature, time dependence of calibrations, and doubtful accuracies of data 


acquisition relative to the magnitude of the effects asserted. Even in 
laboratories that report excess heat, this effect, under apparently identical 
conditions, is often not reproducible. In none of our visits to the different 
sites did we see an operating cell that was actually producing excess heat. 

Jo 

So far, we have seen no experimental results that are sufficiently free of 


ambiguities and calibration problems to make us confident that the steady 
production of excess heat has been observed. However, there are reports of 
temperature "excursions" or "bursts" that apparently represent power outputs 
significantly larger than the input power. These events cannot be explained 
by problems with accuracy or calibration alone. Other than these presently 
inexplicable events, calorimetry to date does not persuasively demonstrate the 
production of excess heat. 


FUSION PRODUCTS 
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Draft of paragraph on measurements of excess heat 
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The claim for electrochemically charged palladium cells as a potential energy source rests on 
reports of continuous ’excess heat* (or, more precisely, excess power) that cannot be accounted for in 
the thermal balance normally applied to water electrolysis. This quantity Is suggested by Pons and 
Fleischmann as %»eoncefvab1e...to anything but nuclear processes since such excess power, integrated 
over sufficient times, exhausts the chemical capacity of the system to provide such energies.* The 
question we have addressed in site visits is whether the power levels themselves are being accurately 
measured or whether the reactions being considered In these cells are, in fact, satisfying the chemical 
assumptions made. These heat measurements have been done with calorimetry varied as to technique 
and levels of precision and accuracy. For the purposes of this anal hey are better differentiated 


by whether the D 2 and 0 2 gases are allowed to exit the cell comp It nreacted or are deliberately 

catalytlcally recombined to D 2 0 as recovered heat. 

In the case of open cells, where the gases are assumed to be completely nonreactive, any 


formation enthalpy (11.527 V x oell current, i) is c excess, as claimed in work at Utah, 

Texas ASM, and Stanford, In particular. In closed cells, with total recombination, the enthalpy of the 
D 2 /O z reaction is restored to the steady state heat balance of the fully deuterium-charged electrode 
•uch that the Mai electrical power in and Mai heat power out would normally balance (as for Pt 
electrodes or Pd in light water). No workers who have performed calgr i mfrtrY under Bind 
recombination conditions f a Pt-metal catalyst in. the, pas 6P&CS 0* 8 CldSfd €♦>!) IWS fePdried m 
.yrosfi heat Such negative results (e.g., Pt and Pd electrode power agreement to ±0.3% at the U. of 
British Columbia) are always subject to the criticism that the correct experimental conditions have not 
been achieved. A finail important point is that most of the reported measurements are actually 
instantaneous power measurements and tha data have not demonstrated that the total amount of energy 
produced (as heat and chemical energy) exceeds the total electrical energy input. 

Since the claimed excess heats hava, in most cases, bsen of a magnitude significantly less than 
the 1.527i factor Itself, issues of calibration, reliability, and support of the assumptions of zero 
recombination are especially critical. Our site visits have uncovered experimental problems, e.g., non- 
linearities of calibration in power outputs vs. temperature, time dependence of calibrations, and 
doubtful accuracies of data acquisition relative to magnitude of the effects asserted. Even in 
laboratories that report excess heat, the reproducibility of this effect under apparently identical 
conditions has often been poor. In none of our visits to the different sites did we see an operating cell 
that was actually producing excess heat. So far. we have seen no experimental results that are 
sufficiently free of ambiguities and calibration problems to make us confident that the steady 



output power (as heat) greater than the electrical inpt 



linus the voltage equivalent of the D 2 0 


production of excess heat has been observed. However, there ere reports of temperature 'excursions* 
or “bursts* that apparently represent power outputs significantly larger than the Input power. These 
events cannot be explained by problems with accuracy or calibration. Other than these presently 
Inexplicable events, the calorimetry to date indicative of excess heat Is not yet persuasive. Emphasis 
on calorimetry with total recombination for those groups now using open cells, use of alternative 
calorimetric methods, and exchange of •promising* electrodes between groups should be promoted to 
resolve these questions. 
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Fusion would necessarily produce fusion PRODUCTS (neutrons, 
protons, tritium, He-3, He-4, and/or gamma rays)— about \ 

10**12 particles per second for 1 watt of fusion heat. \fj Q^P/ 

Although many experiments report NO neutrons, some have 
reported on the order of 1 neutron per second. If 
confirmed, this would be of some scientific interest (even 
if not cold fusion) , but ^ "ea\tf swaa ■ far below the 10**12 
neutrons per second required for 1 watt, K of no current 

practical interest. 

Numerous experiments have sought tritium production in 

electrochemical cells. No experiments with Pt anodes and Pd 
cathodes report excess tritium beyond the level expected 
from electrochemical enrichment of the tritium in the 
i heav 7 water. one group of experiments reporta /.O* 1 **^ 

triHim production of some 10**12 tritiumyu>er second, only dtSuiW 
for Pd cathodes with Ni anodes. The same laboratory reports 
neutrons produced from similar electrochemical cells, but at 
a rate of about one per second; if the tritium is indeed a 
result of deuterium fusion, neutron production should be 
about 10 billion times greater than * the gate- reported. 

These experiments need to be verified by Independent 
■investigators. 
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and He-4 are other important fusion 4ignntur»c which 
should be present in detectable quantities (especially 
within the metal of the cathodes) at fusion levels of 
1 watt. None of the searches to date (including those 
claiming the production of heat)\ show the generation of He 
above the Oinrligrsund.) level of 10**9 atoms. wUIlIi would - 
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To: 


Date : 
From: 


FILE 


June 23, 1989 


(ao- Y K/W/f? o< i c0 i >DT ' 


R.L. Garwin x2555 26-234 Yorktown Heights, NY 

IBM Fellow and Science Advisor to the Director of Research. 

VNET: RLG2 at YKTVMV; 

RSA1 at YKTVMV (JoAnn T. McLoughlin, Secretary) 


Sub. : Draft paragraph for ERAB Cold Fusion Panel letter 

report. 


Following our meeting in Washington of 06/22/89, Bigeleisen, 
Hoffman, Koonin, Schiffer, and Garwin worked out the 
following first-draft wording. I am distributing this to 
that group (and to the staff) for further comment. I will 
take care of sending it on to John Huizenga by 06/30/89, as 
it evolves. 


Draft paragraphs 


regarding 



Fusion would necessarily produce fusion products (neutrons, 
protons, tritium, He-3, He-4, and/or gamma rays)-- about 
10**12 particles per second for 1 watt of fusion heat. 


Although many experiments report no neutrons, some have 
reported on the order of 1 neutron per second. If 
confirmed, this would be of some scientific interest (even 
if not cold fusion), but because so far below the 10**12 
neutrons per second required for 1 watt, of no current 
practical interest. 


Numerous experiments have sought tritium production in 
electrochemical cells. No experiments with Pt anodes and Pd 
cathodes report excess tritium beyond the level expected 
from electrochemical enrichment of the tritium in the 
original heavy water. One group of experiments reports 
tritium production of some 10**12 tritium per second only 
for Pd cathodes with Ni anodes. These experiments need to 
be verified by independent investigators. 


He-3 and He-4 are other important fusion signatures which 
should be present in detectable quantities (especially 
within the metal of the cathodes) at fusion levels of 
1 watt. None of the searches to date (including those 
claiming the production of heat) show the generation of He 
above the background level of 10**9 atoms which would 
correspond to the generation of 1 watt of heat for a mere 
millionth of an hour. 

**RLG will perfect when he sees this.** 


R.L. Garwin 


Enel : 
cc : 

RLG: jtml: 174%FILE : 062389FILE 
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Professor Norman F. Ramsey 
Lyman Physics Laboratory 
Harvard University 
Cambridge, MA 0213 

Dear Professor Ramsey, 

Thank you for your thoughtful letter. I, too, reqret not 
being able to see you here at BYU but I understand the’ unusual 
circumstances . 


I agree whole-heartedly that the BYU experiment on cold 
fusion is to be distinguished from experimen ts e laiming excess 
heat . 


]j.ts which evidently confirm the 


We are pleased with resu, 

production of neutrons as deuterium is loaded into metals, at Los 
Alamos and the Gran Sasso laboratory, IJBf, example. I am mailinq 
to you pre-prints of papers on these experiments which were 
performed jointly with our research group. The Gran Sasso paper 

has been accepted for publication fp ^±_Huovo Cimento, and the 

Los A lam os /BYU paper has been sub^lTted to Nature. We are also 
endeavor i ng to help where possible those groups who have looked 
but not yet observed the cold fusion effect. In many cases, 
these expiei 1 merits followed the Pons/Fleischmann prescription 
which is markedly d i f £ e r e n ^ from oiu s, 
and in the electrodes used. The pres< 
experiments also differ gre&JLly. 


both in the electrolyte 
bribed durations of t hi e 


Naturally, I am a bit perplexed by papers which follow the 
prescription of else's experiment, then say that our 

experiment doesn't work! For example, a paper on 

"Electrochemical Experiments in Cold Nuclear Fusion" in Phys. 
Rev. Letters, 19 June, 1989 by J. F. Ziegler et al., uses the 
aric ^ the electrolyte of the Pons/Fleischmann experiment 
in an nic^y experiment to look for charged particles, such as 
protons and tritons from dUtiteron-deuteron fusion. No charqed 
species are detected above background, and upper limits are 
compared with results of Pons/Fleischmann but also with those of 
Jones, (The latter were incorrectly normalized in their paper, 
being too high by a factor of about 10) . 


Although this group has not taken the opportunity to 
contact us, we would be glad to cooperate in an effort to 
actually test our results. This would require that they follow a 
markedly different prescription in the set-up of the 
electr ochem i ca 1 cell. if they have difficulty understand! nq the 
prescription presented in our Nature paper, we would be most 
happy to answer their questions and even provide materials as we 
have done for others. (Other researchers have been able to 
follow our prescription.) In addition, I would strongly urge 
that they use a thinner foils than 25 ^im of Pd plus 1.7 - 6.5 jjm 


of gold, since it is a distinct possibility that fusions could 
occur on the "charging 1 * surface of the foil in our experiments 
(as discussed in our Mature article), and fusi on-generated 
protons would clearly lose too much energy traversing the thick 
foils to be effectively measured in the surface-barrier detector . 
(I am assuming an energy threshold of about 700 KeV as is typical 
for similar detectors used in muon-catalyzed fusion experiments 
which we have performed at Los Alamos and at the Rutherford- 
Appleton Labors toy . In these experiments, we detect alpha and 
alpha-muon ions using surface-barrier detectors.) 

As I write this, I realize that I am sensitive to having 
our work on cold fusion, which has its roots in our extensive 
studies of muon-catalyzed fusion, tossed indiscriminately in with 
the work of Pons and Fleischmann . I request ^that the ERAB 
committee look at our research as separate and distinct from 
theirs. The results, conclusions, methods, and bases of the 
experiments differ greatly. Based on q.cir experiments at BVU 
which go back to May, 1986, I believe that^rhere is interesting 
physics to be learned from cold fusion research . The excess heat 
may be an interesting phenomenon , but there is no evidence that 
it stems from cold fusion (certainly not from the paper of Pons 
and F le i schmann , nor from the work of Paneth and Peters) . 

You ask whether the observed neutrons might arise due to 
microscopic “hot" fusion in the metal, perhaps as cracks form. 
This is a worthwhile hypothesis to explore. This mechanism 
implies that the neutrons should appear in bursts. While neutron 
bursts have been identified ih our work at Los Alamos, we also 
find random emis siona^> of neutron singles. Moreover, it is 
difficult to acccmnA v for the production of over a hundred 
neutrons in a burst, as we have repeatedly seen, by an y mechanism 
which I have looked at to date. There is almost certainly new 
physics here. There are quite possibly different mechanisms 
responsible for the large bursts and the random neutron 
emissions. I hope that we can continue to receive adequate 
support to study these and other intriguing aspects of this new 
phenomenon which we call "cold fusion." 


Sincerely , 



€- 2 ?- PI 


Steven E . Jones 
Brigham Young University 
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observed a continuous excess of enthalpy for 48 h, 
we wish to conclude that this may not he occurring 
In our experiments. 
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School of 
Sciences 


Deakin University 
Geelong 
Victoria 
Australia 3217 


Telephone 
(052) 47 lilt 
Tfelex DUNIV AA35625 
Fax (052) 44 2777 



Deakin 

University 


20th. June, 1$89. 


Professor A J Bard 
Editor 

Journal of the American Chemical Society 

Department of Chemistry JU N 2 B 1QAQ 

University of Texas 
Austin 
Texas 78712 


USA 


Dear Al, 


vO 


vp 




It VHS a great pleasure to meet you in Hawaii and J^efhow well you have 
recovered from your he&lrh problem of l&8t yeer. 

I enclose a copy of a meeting held at the Australian Atomic Energy 
Commission- The speakers represent the majority of those vho have been 
active in the cold fusion field in Australia* None of these reported any 
excess heat, neutrons, gamma rays or tritium or helium. Similarly, my own 
research group have not detected any response. Thus, there has been a 
completely negative experimental finding in Australia. I would o course 
emphasise that given that most q| us have only tried for a few weeks, that 
the results could not be regarded as conclusive. As far as I can ascertain, 
two research groups have been funded to continue their studies. 
represents the CSIRO group in Melbourne under the direction of Stephen 
Fletcher and the Atomic Energy Commission have established a task force who 
are working on this topic. There may also be one or two industry or 
university groups continuing in the field. As soon as I get a copy o e 
proceedings of the conference from Sydney I will pass these on to you. 




e> 


Best wishes, 


Yours sincerely. 



Professor A.M. Bond 
Professor of Chemistry 
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AUSTRALIAN INSTITUTE Of NUCLEAR SCIENCE AND ENGINEERING 


A COLLOQUIUM 


l£J uuo 


COLD 


FUSION - PACT OR RICIION 7 


th. — — * * - 

a fusion reaction in a test room P bft rft i a tiv*ly easy to make 

Er T:JU 2“* »•— the i “ pU ‘* tions 

a.^6 enormous . 

Australian scientists have bccn^ oh Jilts vho 

the results of Stanley Pons conference at the University of Utah, 

made the announcement at a press conferen. ce^a^ ^ plac6l it is 

However, in order to establxsh tha neut ron ’ and gaama-ray detection 

necessary to have access to sj experiment is definitely not 

equipment. Researchers also wa ^ n * released in the original experiment 
"user friendly" - so much eneigy considerations, and a ready supply 

that the apparatus was vaporise^ Research Laboratories an ideal 

of heavy water, make the 'Lucas Heights *■ Qth#r group. are also 

location to carry out such exp ^ university researchers 

rr/e 

AINStt is responding to the •u'^inVttd to reviev 

r^nU^ts, 5 ^;” 

S«Si«y. ” o* *v interested Etonps or tndividua s 

. T Ji k rv Uol P f^TTlAa. a \ ^ * 


would be welcomed. 

VENUE: 

DATE: 
TIME: 
COST: 


a* 


AINSE Theatre, 

Lucas Heights Research Laboratories, 

N.S.W. , AOrt 

Friday, 19th May 1989 

2.00 pm * 6.00 pm 

$20 


Overnight aoeommodetlon end evening meals are available from. 


Lucas Heights Motel 
Engadine Motor Inn 
Sapphire Motor Inn 


543-3437/3006 
520-8166 
522-0*44 


Phone AINSE oh < 02 )- 543 . 34 U/ 3376 /J 436 to regi.t.r 


Dr. R.B. Gammon 
Scientific Secretary 


./a.Ari'y 
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COLLOQUIUM 

COLD FUSION — E'AOT OR FICTION? 

XTN SE THEATRE t LUCAS HEIGHTS 

Fri-dsiy 19tli Ma.y 1989 
program 

2.00 pm Welcoming Address _ . . . v 

V Prpfessoir D-R. Hiller (ABiSE President) 

Dr P.K.Relly (Colloquium Chairman) 

2,15 pm Dr J.Boldeman (ANSTO) vO 

2.40 pm Hr J.Pardy h Dr G.VUite (CSIRO) 

3,10 pm Prof S-ttist & Dr P.Krug (Universi^jof Sydney) 

3 30 tan Dr D.Brotberton-Ratcliffe (flinders University) 

Co 

3.45 p» Tea-break J2T 

4.00 pm Assoc Professor A. Oates (University of Newcastle) 

4.15 pm Dr T.upnei (a.«.u,> 

4.30 pm Dr K.Kassool (University of Melbourne) 

4.45 pm Dr T.Qvickeadea (University of W.A.) 

5.00 pm Dr D.Svihkels (BSP - Utah) 

5.15 pm Open Iforum 

6.30 pm Dinner (booking necessary) 

7.30 pm Informal Session (if demand warrants) 


V Wh Will oreseat an overview of the investigations carried out 

SthijTtte speaker’s organisation and a sunraary of the conclusions rea 

to date. 

The Open Porum ^iUprovdto ^^o/'pSticip^^ to 

^L^^peS^Tht ^ Section «_£-*> ** — * 

government and opportunities for industry will be explored. 


Phone (02) 543-3376, 3436 or 3411 to register. Cost %V> 
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RESULTS 

The measurements of electrolyte t^erature es a J^ion^f time 

were made in four distinct stages. In the first stage xow^ Jn order 

densities ( ca. 31.2 mA cm 2) ..P t ^ e current through D20 

to keep the power input ^ ?he cSrrat readings were 

vas 25 mA whereas that through H20 was 24 mA. a W.The power 

accurate to within 1%. The power input to each cell wasu^uo ' v 

input values in our experiments have an error experiment is shown in 

temperature & the variation 

S 9 the telpe?atu?l ov« P the 80 hour measurement period. 

In the second stage °£, th ' current s'were^^irA and 5J 

enhanced to ca. 62.5 mA cm 2. The D20 and ” ^ cells was 0.170 W (D20) 

mA, respectively , and the power input rn the 90-117 hours is shown in 

and 0.172 W (H20). The temperature elation 

Fig. 3. The temperature of both *^^olyt bein^flonsistently higher than 
SeraSre by c°-°S Tte^pSature Variation in both cells 
appears tfSJSc She Lbient temperature fluctuation, well. 

in the next stage of the measurements, which lasted for 
hours, the current density used was £*• ^J e i v yielding corresponding 
input powers of 0.43 w (D20) and 0 42 W (H?|V The tempera ^ ceUs 
rLch 6 an U eq C u e iUbri™ ^pe?fture within i period of about ^hours.^ ^ 
locale of^hl D^c^tUugho^e equilibrium region shown in Fig. 4. 

The final f a ge of the experilKnt^lastingJO ^^ 0 W ^ r “Jtfwe?f 

•with a current density of ca. 250 mA ■ initial, comparatively 

200 mA and 210 mft, respectively. In addition^tothe^: ^ cells, the two curves 
xo.pi6 temperature rise observed in bo . ^ j* -ff^rence of 3oC 

display ho become a tempe g tSe. 

a^il^ho^s Such behavior te nds to mileate^degree 
differe nce of , 15c>y v _ — recent "al <^ 7 “im«a+"ri a experiments 

of conformity with results ° r 5 s our experiments can be 

n-3] . However, the observed behavior < Fi 9- b ^ roch^icallv-induced, 
explained without recourse to hypotheses of , c t0 by 

co?d f dsion. By allowing ^volume^in tha £*%*£»*£ «0 hoSrs 

t^?gnouil 5 ?L l effe^“r T oltage.drop across ^ ““^Islf ? ' 

the corresponding difference in the input power to th o 
measured to be 


(Input power (D20)}/( Input power (H20)} 


1.8 


(5) 


at M0 hours (Where the temperature difference £ ml 

lYl&lrlt t^note^tha^during the period "ell 

the D20 cell was changing (160 190 h ne SD ite thisVthe temperature in 

was observed to actually decrease by 4 %. respite trus, rne v 

this cell was measured to increase by 2oc. 
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FACSIMILE (02) 543-7802 
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In case of difficulty please telephone (02 ) 543*3376 

Fax. No. 


to., (^u ui$re!> fiELOcj) 


y roa t Dr. R. Gammon (Scientific Secretary) Date • 12th May 1989 


Subject ; COLD FUSION COLLOQUIUM 




Further to my FAX on 28th April, the provisional program .for the Cold 
Fusion Colloquium is as follows s- 

COLLOQUIUM 

"COLD FT 1.4 TO N - FACT OR FICTION? " 

PROGRAM -• • ',€> 

2.00 p.o. Welcoming Address . 

Prof. D.R. Miller (AINSE President) 

Dr. P.K. Kelly (Colloquium 'Chairman) 

Dr. J. Boldeman (ANSTO) 

Dr. M. Florence (CSIRO) • 

Prof. N- Hush (Univ. of Sydney) 

Dr. D. Brotherton-Ilatcliffe (Flinders Univ.) 

Tea-break • . 

Assoc, Prof. A. Oates (Univ. of Newcastle; 

Dr. T. Ophel (A.N.U.) • 

Dr. R. Rassool (Univ. of Melbourne) 

Dr. T. Quickenden (Univ. of W.A.) 

Dr. D.. Svinkels (BHP - Utah) 

Open Jorum 

Dinner (booking necessary) 

Informal Session (if demand warrants) 


2.15 p.m 

2.45 p.m 

3.15 p.m 

3.30 p.m 

3.45 p.m 

4.00 p.m 

4.15 p.m 

4.30 p.m 

4.45 p.m 

5.00 p.m 

5.15 p.m 
$.30 p.m 

7.30 p.m 


Each speaker will present an overview of the investigations carried 
out Vithin the speaker's organisation and a nummary of tho conclusions 
reached to date 

The Open Forum will provide an opportunity for other active groups to 
present a brief statement on their involvement, and for participants to 
tL 7p«k.». th. future dir«ti.n ol the «le of 

government and opportunities for industry .will be explored. 

The time allocations are tentative at this stage. Please Indicate if 
more or less time would be preferable for your, presentation. 

AINSE looks forward to your participation in this event. 
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Mr 

voi i nwtna the recent experiments of Fleischmann and pons j. 13 there has 
been considerable interest in experimental f^^reaction^betSeen deuterium 
exploring the P°«ibiUtyof j n Sper^ntfon electrolysis 

atoms by cold, electrochemical means in their exp F i e ischmann and Pons 

of D20 ising a palladium cathode and a SSt ascribable to 

observed the generation of exce £ attributed to the occurrence of 

normal electrochemical heating) which was attributed 

reactions of the type 


:T' : 


D + D 


_> 3He + n 
> 3T + H 


(1) 


( 2 ) 


which occur via electrochemical reactions at the cathode: 
e + D+ > Dads (3) 


D20 < 


> D+ + OD- 


( 4 ) 




_ f 4 s Dads represents deuterium atoms adsorbed into the Pd lattice in an 

significance and profound implications of these findings, further 
experimental studies are clearly warranted. 

We report here results of calorimetric experiments on electrolysis of 
D20 anS 5so using Pd cathodes and Ft an odes which have be - carried 

IhffuSeS possible^details^of Sf and 

«ctoiques usaS in our experiments as wall as the raw data obtained. 




EXPERIMENTAL METHOD 

Two electrolysis experiments were conducted ^^^^^^an^Dlo 20 

M0 e pSitfv“s e dSe a r^nS U to O L°99 N ^^y n ^anfS Fourier-Transfc^ NKR 

(using a proton probe in a 500 MHz the^^^material'^h^cathode material 

in each electrolytic cell ^^« % °L“^S? 1 S^SeSSl^o 
our experiments was determined to be 99.9% by measuring tne 
X-rays emitted upon bombardment by 25 keV electrons. Ih X a £ al M<b2 

obtained in our measurements (see Fxg.i) snows one i 

Lines of Pd. 

placed h inside e a ft p^^^ beater ^Th^tvo^electrodes^an^a'mercurythermometer 

ireVeTtTofs that the 

inter-electrode distance was maintained constant throughou . . 

Experiments. Two. highly stabilized d c power ^tes to 

ATE15-6M and ATE75-0.7M), , h ? h e constint-EEwer tradition could be 

siL!\hE n ^feE i t on 

i^peia“« n 2ai h aUo e monitSJd t S?h a mercury thermometer immersed in a 
beaker of water. 
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Table l — Generation of excess enthalpy St a Ti cathode* 


Cathode 

material 

Ti 

c.d. 

m A cm ‘ : 

33.0 

66.0 

No of 
expis 

3 

1 

Excess rite of 
heating, W 

0.133 

0.309 

Excess specific 
heating, W cm ‘ 

0,044 

0.102 

Exces* heatingy' 
100% break cvcn h 

K.2 

17.6 

Pd 

63,0 

1 

1.54 

6.88 

48.0 


•The solution contained 1 M NaCl. Connant current was maintained through an Aptah current source type LVH 30/ 10. 

* 100% Break even means that the thermal output equals the input required to drive the equipment. The calculations were done using 
the toud input end output power, 

•Joule healing is obtained by separate experiment. The cell voltage for electrode reaction IS 1 .54 V, 


and in another it was only 8% higher. The liquid 
scintillation counter measured 18% higher than the 


Electrolysis of D ; 0 

/(Electrolytic power) 

Electrical power mput -<^ , oll|e hca , ing 

(Joule powet ) 

When the joule heating is estimated from the tem- 
perature rise, mass ot the D ; 0, heat capacitu^lec- 
trolyte, specific heat of D.O (1.10 cal g °C ') 
(ref. 9) and the heai conduction by the metals used 
as electrodes, and applying a correction for the rate 
of cooling, it is estimated that the contribution of the 
power input essentially equals the joule heating. 
Hence the electrolysis of D 2 0 is free! An independ- 
ent experiment was conducted by heating a nich- 
rome coil in D : 0 (plus the electrolyte) with the help 
of a current source and adjusting the power input 
through a variac to maintain the solution tempera- 
ture reached by the electrochemical reactor. In a ty- 
pical experiment, the power required to maintain 
the bath temperature at 58 6 C was 3.24 W; the elec- 
trochemical reactor requires 3.20 W for maintain- 
ing the same temperature. Hence the electrochemi- 
cal reaction or the heat produced is supported by 
some other reaction; and electrolysis cannot be 
done free as the electrons have to be added and re- 
moved at ihe electrodes. With the electrolysis pro- 
longed over a period of 48 h, heat in excess of 1.19 
MJ/cm* of the electrode volume was liberated at 
Pd and 0.2 MJ/cm’ at Ti. This difference in excess 
enthalpy arises from the thickness of Ti (2 mm) and 
Pd (0.14 mm) employed in the experiments. As can 
be seen from Table 1, there is a substantial power 
gain during the experiment. 

If the excess heat arises from the nuclear reaction 
in the electrode, it should be possible to detect the 
neutrons or y-rays (by ,'H + jD reaction) produced 
during the fusion process. Using a BF, counter in 
front of the electrolytic cell, the rate of counting was 
monitored before and during the electrolysis. The 
rate of counting during the electrolysis was 48% 
higher than the background level In one experiment 


background value suggesting both neutrons and y- 
rays are coming out of the reactor. However, further 
experiments will have to be carried out for confirm- 
ing nuclear fusion during D.O electrolysis, During 
the above experiments we have observed two inter- 
esting features: 

(a) the cracking nobe of Ti electrode, 

(b) the reddish brown colour developed by the 

Ti electrode. This colour can be obtained in a 

lighter shade by a prolonged heating of Ti me- 
tal. 

With electrolysis conducted by passing 66 mA/ 
cm 1 at the Ti cathode and the Pt anode, the esti- 
mated loss of D : 0 through electrolysis alone is 
0.34 ml/h; in the* actual experiment the measured 
loss is approximately 1.0 mL/h, The excess loss 
arises from the excess heat evolved in the electro- 
chemical reactor. 

Since the neutron flux obtained during the dec- 
trolysis of D,0 is smaller than would be expected by 
at least ten orders of magnitude, other alternative 
mechanism can be considered for the excess heat 
evolved in the reactor. It may be non-emitting nuc- 
lear processes or chemical processes to sustain the 
heat produced. If D 2 escapes out of the electrolytic 
cell, it could be burnt on the surface of Fd or Ti to 
produce D : 0. This exothermic reaction for H.O 
has an enthalpy - AH = 285.83 kJ mob * (ref. 10). 
This, being a process requiring the diffusion of the 
elcctrolytically generated 0 2 to the bare metal of the 
cathode surface, requires a diffusion of 0 2 faster 
than Hj. Yet another possibility would be an ex- 
othermic formation of deuteride on Ti or Pd. Gener- 
ally, the —AH for the adsorption of hydrogen dec- 
reases with increasing surface coverage on the elec- 
trode 11 and hence a prolonged coverage should re- 
sult In the absence of ckcom enthalpy. A» wc have 


176 
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it- "is intriguing that under conditions of highest current 

hi.heS iUlfs-VSoS I t 5S^ift2^!^ l u I i?&£? r ^ • 

SSlUTo tS observed°dif fereric^in U* Mo’.nd H20 temperatures at ■ 
lwer input powers and current densities (Fig. 3/4). 

To summarize, the results of simultaneous .^^ i ^^®” el p^ide SiS 

"any so urce of systematic error to accoufit lol such ® temoera^ tur. provide 

difference. On the ether hand, ^ f n ^Sch 'the D20 JSperature 

support for other experimental findings [2,3] in wnrcn i-ne uc * 

rises in much more dramatic fashion. 
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FIGURE CAPTIONS 

x— ray spectrum of cathode material showing characteristic lines of 

2. Temporal variation of temperature in cells H20 and 

non-elec txoly zed water. The input power was 0.06 W. 

3. Temporal variation of temperature in cells /no^cell^as^ 170 W^and 
non-electrolyzed water. The input power in the D20 ceil was u.a/u "/ 

that in the H20 cell was 0.172 W. 

4 Temporal variation of temperature in cells containing D2^H20 and 

non-electrolyzed water. Input pcwer (D20) - 0.43 W, input power (H20) 
0.42 W. 

5. Temporal variation of temperature in 


cells containing D20, H20 and 


OBSERVATION OF TRITIUM PRODUCTION DURING ELECTROLYSIS OF 


HEAVY WATER SAMPLES USING PALLADIUM WIRES. 

N.J.C. Packham, K.L. Wolf, M.E. McLain and J.O'M. Bockris 
Department of Chemistry, The Cyclotron Institute, and Department of Nuclear 
Engineering, Texas A&M University, College Station, Texas 77843 
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INTRODUCTION 

A research group here has been studying an effect^ described by Pons and 
Fleischmann [1] . Research has centered around the\jfcivestigation of the 
metallurgy of the palladium, anomalous heat production and the detection of 
nuclear emissions. Here, we describe the observation of tritium in seven out 
of eleven electrochemical cells, at levels which could not be produced by any 
process other than a nuclear one, 

EXPERIMENTAL 

The electrochemical cells used were 15 ml Pyrex centrifuge tubes, sealed 
with Viton rubber septa. Palladium samples supplied by the Texas Coin 
Exchange, 1 mm by 4 cm, and 3mm by 4 cm in dimension (99.9% purity) were 

sjzT 

prepared as shown in Table 1. All electrode connections were made using 99.9% 
pure nickel wire (0.5 mm). Nickel gauze anodes were used in all cases (99.9% 
purity) . Electrode connections were fed through the rubber septum to the 
outside. 0.1M LiOD was prepared using 99.9% pure lithium metal from Alfa 
Associates, added to 99.9% pure deuterium oxide (Aldrich Chemical Co.), in an 
atmospheric bag containing argon. Additions to the cell (such as D 2 O 
refilling) were performed by using disposable syringes (one use only), 
equipped with stainless steel needles. Gases evolved during electrolysis were 



2 


allowed to escape through a needle attached to Tygon tubing to a mineral oil 
bath to avoid light water contamination. All 1mm cells were at first run at 
60 mAcnT^ f 0 r 14 to 16 days, the 3mm electrodes being charged for up to 28 

_ n 

days. After this time, the current density was increased to 500 mAcm" for 
periods of up to 8 hours. The cells were monitored electrochemically 
continuously during this time. Samples of electrolyte were withdrawn from the 
cell using a sterile syringe (later discarded). 

Su 

Liquid Scintillation Counting (LSC) was performed using a LKB-Wallac 

VV 


Model 1219 Rackbeta LSC. A water soluble scintillation cocktail (Biosafe II, 
Research Products International Corporation) was added to 1 ml of sample. 
After allowing time for deexcitation of the cocktail, the samples were run in 
a double blind fashion. Blank samples of H 2 O, D 2 O, and 0 . 1M LiOD were also 


cy of 


included for analysis. The efficiency ©f the detector for tritium was 33%. 
Analysis of samples was also confirmed in another instrument at this 
institution, and additionally by one private and three National laboratories. 




RESULTS AND DISCUSSION .<<> 

The activity of the samples in disintegrations per minute per ml of 




solution are shown iSp' Table 1. In one of the cells (designated A7) the build 
up of tritium as a function of time was followed at high current density, and 
the results are shown in Fig. 1. The possibility of chemiluminescence of the 
scintillation cocktail at 0.1M LiOD was ruled out by the experimental study 
shown in Fig. 2. 

If tritium is produced only at high current density (cf. Fig. 1), based 
on the observed rate of tritium production, calculation shows that in the 
highest activity sample (cell A3), approximately 10^® atoms of tritium are 
produced per second, neglecting losses in the gas phase (which may be 
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appreciable) . ■ 

If tritium is produced according to the following equation: 

2 H + 2 H * 3 H + p + 4.02 MeV (1) 

, at 10^® atoms per second this would be equivalent to 2 milliwatts, not 
detectable in the calorimeter at present in use in this laboratory. Cells A4 

and B5 have also shown emissions of up to 50 neutrons per minute which will be 

described in detail elsewhere. 

& 

Although it has not been proved that the electrodes which produced the 
tritium reported here also produced the Fleischmann- Pons heat (approximately 
10 Watts cm'^) , palladium electrodes prepared in a similar way did so. The 
ratio of total heat production to that accounted for by the tritium in 

O -0 9 

solution, 5 x 10, is a reasonable ratio (at 1 Ampcm“ z ) for the gas ( pT ) 
retained in the solution, the rest escaping into the gas phase. The shape of 


figure 1 is consistent with the establishment of a quantity of DT in the 


. 


electrolyte in equilibrium with DT in the escaping DT-D 2 mixture. 

A problem is the sporadicity of the effect . It is noteworthy that nickel 
anodes were used in the charging of electrodes which gave tritium. An 
alternative explanation may concern the times of charging of these electrodes. 
Negative results have been reported mainly for larger (>2 mm) electrodes which 
might not yet be ready for high current density treatment until times 
approaching 2 months from initiation of charging. 

One may speculate that tritium only forms in an electrochemical surface 
reaction when dendritic growths having low radii of curvature (<10~^cm) have 


But cf. Schoessow and Wethington [2] who have obtained 50,000 
disintegrations per minute per ml. 
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formed on the surface**. Here, at the low radius of curvature tips, local 
electric fields of approximately 10^ Volts cm'^ may bring the D 4 * ion in 
transfer to an energy of 10 keV*** sufficient to fuse with an adsorbed D^ 4 " on 
the electrode surface. The region of the electric double layer at the metal 
surface is known to be electron-rich [3] and thus provide the screening which 
may allow a D 4- having an energy in the 10 keV range to fuse with a surface D + . 


v0 
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Scanning Electron Micrographs of the surface of electrodes prepared 
in a similar way to ours have shown dendritic growths 

Equivalent to a temperature of approximately 10 8 °K 


'k'k'k 
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FIGURE CAPTIONS 

Figure 1. The production of tritium in the electrolyte of cell A7 
(see Table 1) as a function of time. 

Figure 2. The effect of* electrolyte concentration on chemiluminescence of the 
scintillation cocktail. 
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TABLE 1 

Cell identification, electrode treatment, solution type and tritium activity 
of electrolyte samples. 


CELL ELECTRODE SOLUTION* 3 ACTIVITY (d min'l-ml" 1 ) 

TREATMENT 3 


Al 

A2 

A3 

C A4 

A5 

A6 

A7 

A7 

A7 

A7 

A8 

B3 

B5 


A 

A 

B 

B 

C . 

C 

D 


1 

2 

1 

2 

1 

2 

1 


8 x 10 
315 


4 


10 c 
10* 
10 f 
3.3 x 10'' 


.9 x 
.2 x 
.7 x 


Before high current density 
After 2 hours at 500 mAcm’^ 

o 

6 hours at 500 mAcm"^ 
12 hours at 500 mAcnT^ 


After 

After 

D 




(3mm) B 

( 3mm) C 

CELL 1 (6mm) A 

d 2 o 

0.1M LiOD 

Neutralized 0 . 1M LiOD 
Neutralized 0 . 1M LiOD 




& 


O.lmM NaCN 




s cn 


249 
5370 
0 x 10* 
6 x 10- 
339 

3 x 10^ 
195 
264 
195 
225 
220 
230 


a Key for electrode surface pr©- treatment : (A) No surface pre - treatment ; 

(B) anneal 800 °C, 10' 6 torr, 8 hours; (C) acid etch, 5M HCl , 15 minutes; 
(D) electrochemical oxide removal, 2 hours 


^ Key for solution type: (1) 0.1M LiOD; (2) 0.1M LiOD + O.lmM NaCN 


c Cell that has shown neutron activity up to 50 neutrons per minute. 


TIME PROFILE OF TRITIUM PRODUCTION 
FROM CELL A7 
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Dr. Jacob Bigeleisen 
University of NY at Stony Brook 
Stony Brook, NY 11794 

Dear Dr. Bigeleisen: 

I hope you have the tritium paper which I faxed you Oh the day you were 

here . 

Of course, your view on our tritium measurements is more valuable than 
that of anyone, else on the committee on cold fusion because you have the. 

experience . 


& 


We want to regard these measurements only as facts, and we don't want to 
make any interpretation of them at tj^s time. We need to know only that they 
ai'e correct measurements . 

In addition to the measurements which I showed you in the paper, I. 
enclose a measurement from another electrode showing the change of tritium 
with time as the electrode continues its action. 

It is of course, important to consider the significance of these 
measurements, because errors such as one might think of - chemiluminiscence , 
etc. (very heavily guarded against in our measurements) - would hardJy be 
likely to replicate the S- shaped curve which we have shown you in the first, 
measurements, and which is to some extent replicated here. 

It seems that, the amount present can be fitted into a reasonable 
hypotheses concerning the origin of the tritium. One has to assume it is 
produced on the surface largely as bubbles, and produces some 5-10 watts/cc 

vja the D + D -» T + H reaction. 


Then one can calculate the tritium which ought to be in the bubbles of 
gas as DT, and correspondingly by assuming equilibrium at high times the 

amount in solution. 


Incidentally, I have experienced quite a few commissions of inquiry In my 
time, but I never found one which had its mind made up beforehand as much as 

this one . 

1 am sending you the present score as I know it on the confirmation of 
Fleischmann and Pons throughout the world, and I expect there s quite a lot 
that I don't know about. 


I note the commission was 


out of touch even with the work going on 


Department of Chemistry 


StonyBrook 


State University of New York at Stony Brook 
Stony Brook, New York ] 1794-3400 
(516) -632-7905 
BITOET: JBIGELEKaSBCCMm. 

FAX: 516-632-7960 


26 June 1989 


Professor John O'M. Bockris, 
Department of Chemistry, 

Texas A&M University, 

College Station, Texas 77843-3255 


Dear Professor Bockris, 

Let me thank you arri your colleagues for ycur forthright presentation 
of your results on exper imen ts relating to the possibility of cold fusion at 
our visit on 19 June 1989. I have a copy of your tritium manuscript. When 
I returned from our visits fof the week of 19 June, I had a message that you 
tried to call me on Wednesday, 21 June. I have tried several times to 
return your call to 409—845—4947 without su cces s. 

I thank you for your letter of 21 June sent via FAX. In that letter 
you mention a figure which gives an S shape curve for the rate of tritium 
production. There was such a curve for run A7 which was distributed with 
the copies of the overhead projections at the time of cur visit. There was 
no figure attached to the FAX of 21 June. If there is an a d ditional curve, 
please send it via regular mail. 

The question as to whether tritium formed by cold fusion leaves the 
cell in the form of DT or whether most of it remains behind in the form of 
DIO is an interesting scientific question. We do know that all isotopic 
forms of H 2 (g) exchange slowly with liquid water. A number of years ago 

Stevens at Chalk River achieved a major breakthrough and developed a non- 
wetting platinum catalyst which has exchange ti m es for H^g) with liquid 

water of less than one secorri. I believe that there is a high probability 
that T formed at a Pd surface in a cell where the Pd is the cathode would 
exchange rapidly with the D 2 0 liquid. If, in fact, the exchange is slow, 

the the tritium production is 10 3 the rate found by analyzing the 
electrolyte. One should collect enough of the D 2 (g) caning out of the cell, 

dry it and then measure its specific activity either in an ion chamber or a 
proportional counter (for a description of the latter see J. Bigeleisen and 
E.C. Kerr, J. Chem. Ihys. 39, 763 (1989). 

Our Committee is much interested in ycur tritium measurements and are 
troubled by the fact that your production rate for tritium atoms, as 

neasured by the specific activity of the electrolyte, is sane 10 10 times the 
neutron counting rate measured by Kevin Wolf in sim il a r type cells. If, in 
fact, most of the tritium leaves in the form of DT, then the discrepancy 

13 

with the neutron data becomes 10 . 



tistinguished Professor Emeritus 
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We have measured neutron emissions from cylinders of pressurized D 2 gas mixed with various 
forms of Ti metal chips and sponge. For some of the cases, the Ti was coated with a surface layer 
of Pd. The gas pressure ranged from 20 atm to 50 atm, and the Ti loadings ranged from 30 g to 

200g - . . ..rn 

The neutrons were measured using a high efficiency (34%) cavity-type detector containing 18 
3 He tubes. Random neutron emissions were observed as well as time-correlated neutron bursts. 
The time spread in an individual burst was less than 200 |is. 

The neutron emission was observed after the cylinder had cooled in liquid nitrogen temperature 
and was warming to room temperature. The bursts occurred about 40 minutes into the warm-up 
phase, and the random emission occurred for at least 12 hours after the sample reached room 
temperature. This cycle could only be repeated two or three times before neutron emission ceased. 

The neutron emission rates were very low and the 12-hour random emission rate was 
0.05-0.2 n/s. However, this yield was still 1 la above the background. The instantaneous neutron 
bursts were more dramatic with yields several orders of magnitude above the coincidence 
background rates. 
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Two plus two is five, 
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For the larger values of two. 
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PRIORITY LIST FOR NEUTRON (DUCK) HUNTERS 


1 . ARE THERE ANY DUCKS (SENSITIVITY)? 


2. WHEN DO THE DUCKS COME AND GO (TIME HISTORY)? 


3. HOW FAST ARE THE DUCKS (ENERGY)?* 

4. DO THE DUCKS ARRIVE IN FLOCKS (PULSING)? 

5. HOW MANY DUCKS ARE THERE (ABSOLUTE YIELD)? 


‘YIELDS ARE STILL TOO LOW TO ESTABLISH ENERGY. 
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NEUTRON EVENTS 
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RANDOM EMISSION 
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BURSTS (Time Correlations) 
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ENVIRONMENTAL TESTS ON NEUTRON DETECTORS 


NO GAMMA-RAY SENSITIVITY UP TO 1 R/h 


TEMPERATURE COEFFICIENT = -0.01%/°C 
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• NO RF NOISE PICKUP (CRANES, MOTORS, WELDERS) 

K# 

• NO MICROPHONIC NOISE 
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LONG-TERM STABILITY = 0.01% (PRECISION) 
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DATA CONTROLS 
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TWO CONTROL COUNTERS ADJACENT TO THE 
PRIMARY COUNTER 

DUMMY CYLINDERS MEASURED SAME AS ACTIVE 
CYLINDER 

ENVIRONMENTAL CHAMBER TESTS 






THE COUNTERS HAVE BEEN OPERATED FOR MORE 
THAN A MONTH WITH NO SPURIOUS BURSTS 

X> 








LIQUID NITROGEN 
DEWAR 










Counts 


70 


60 

50 

40 

30 

20 

10 

0 

-10 


System-3 Ti-1 Cycle-6 4/30/89 



0 


Counts 



TIME CORRELATED COUNTING DATA FOR SAMPLE Ti-1 



.f. • • 

, , , , 







12 3 4 

Tim* after start of warm-up. hours 


5 0 12 3 4 

Time after start of warm-up, hours 





Counting rate, cps 



Time 


i, hours 


Counts 



Counts Counts Counts 


TIME CORRELATED COUNTING DATA FOR SAMPLE Ti-6 


70 


85 


Cycl«-4 5/9/89 




^ • • 


J L 


Cycl#-7 5/11/89 


-10 

70 


•10 


“ s 

Cyci«*6 5/10/89 


< 

J aJ? 1 1 



— 

Cycl«-e 5/10/89 

• 

♦ • • • 

i i i i 




12 3 4 

Tims sftsr start of warm-up, hours 


12 3 4 

Tims sftsr start of warm-up, hours 


o 


5 0 


5 




1 2 3 4 5 6 7 8 

Time Intervals (1000 second steps) 


TEMPERATURE °C 



TIME (SEC) 



NEUTRON EVENTS 






0 



BURSTS (Time Correlations) 

✓ 





CONTROL RUNS 



0.26 . 

-i ■ 1 — i — ! — i — i — i — l 

o 10 20 30 40 


HOURS 


RANDOM NEUTRON MEASUREMENTS 

(Sample Ti-1) 


Date 

Measurement 

Time 

Detector 

Absolute 

Emission 

Rate 

Standard 

Deviations 

April 28 

12 h 

System 4 

0.05-0.2 n/s 
0.08 n/s 
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April 29 

4 h 

Systems 3 and 4 

4.3a 



RATE COUNTS/S 





SENSITIVITY LEVELS 

(3a above background; 8 h count) 



SYSTEM 1 
SYSTEM 2 




SYSTEM 4 0.03 
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SUMMARY OF RESULTS 


Neutron Burst Emissions 


Sample Number of Bursts Burst Cycle No. 


1 

Ti-1 

4 

3,4 

Ti-6 

8 

4,5,67,8,9 

Ti-1 0 
Ti-1 1 

2 

2 

5 ® 

Random Neutron Emissions 



Sample 

Detector 

Significance 

Level 


Ti-1 


Ti-1 


Ti -3 


System 4 
Systems 3 and 4 
System 3 






11a 

4.3o 

5.3a 
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SUMMARY 


• NEUTRONS HAVE BEEN DETECTED 


RANDOM NEUTRON EMISSIONS (0.05-0.2 n/s) 


NEUTRON BURSTS (10-300 n) 


BURSTS DURATION (<100^is) 


• BURST TEMPERATURE (~-30°C) 

\r 
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MECHANISM NOT IDENTIFIED 




• COLD FUSION 

><$0 

• "HOT” FUSION 


OTHER 
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FUTURE WORK 


MATERIAL CHARACTERIZATION FOR HIGHER YIELDS 


NEUTRON ENERGY SPECTRUM MEASUREMENTS 
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MATERIAL STRUCTURE DETAILS 
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ABSTRACT 

We have measured neutron emission from cylinders of pressurized D 2 g^s mixed with 
various forms of Pd and Ti metal. For some of the cases, the Ti was coated with a surface layer of 
Pd. The gas pressure ranged from 7 atm to 80 atm, and the Ti loadings ranged from 20 g to 200 g. 
Experiments also have been performed for D 2 O electrolysis samples. The neutrons were measured 
using high-efficiency cavity-type detectors containing 3 He tubes. Random neutron emissions were 
observed as well as time-correlated neutron bursts. The time spread in an individual burst was less 


than 100 |is. For most of the samples, the neutron emissions were observed after the cylinders 
had cooled to liquid nitrogen temperature and were warming to room temperature. The bursts 
occurred about 40 minutes into the warm-up phase, and the random emission occurred for at least 
12 hours after the sample reached room temperature. This cycle could only be repeated a few times 
before neutron emission ceased. The neutron emission rates were very low and the 12-hour 
random emission rate was 0.05-0.2 n/s. However, this yield was still lie above the background. 


The instantaneous neutron bursts were more dramatic with yields several orders of magnitude 
above the coincidence background rates. 


♦Work supported by the US Department of Energy, Office of Safeguards and Security. 
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I. INTRODUCTION 


The recent announcement by Fleischmann et al., 1 that excess heat and substantial neutron 
flux had been observed in Pd cathodes in electrochemical cells, stimulated numerous experiments, 
although several claims (for example, gamma rays from neutron capture) have been retracted. 

Independently, Jones et aL 2 observed 2.5-MeV neutron production at low levels during 

♦ 

electrolytic infusion of D 2 into Ti and Pd electrodes, and discussed other means of creating 
nonequilibrium conditions, which might lead to "cold fusion." Subsequendy, cold fusion has been 
reported in Ti subjected to pressurized D 2 gas and temperature changes. 2 . We now report neutron 
emissions at low levels in both electrolytic cells and in metals subjected to pressurized gases. In 
particular, using specialized methods, we have observed the production of -10 2 n in bursts of 
<, 100-jis duration, as well as random neutron emissions. 

As part of our investigations of the cold fusion phenomena and possible radiations from the 

samples, we have measured both burst neutrons and random neutron emissions from a variety of 
sample types. The samples included cylinders of pressurized D 2 gas mixed with various forms of 


Pd and Ti metal chips, sponge, crystals, and powder. In addition, we have performed neutron 
measurements for electroly sis cells containing D 2 O and cathodes of ’ll and Pd. 

We are using four separate neutron detector systems operated in parallel experiments. The 
detectors all utilize 3 He gas proportional counters embedded in a polyethylene (CH 2 ) moderator. 
Three of the detectors are of the cavity- (well-) type, and one has an open channel for larger 
samples. 

The electronics are based on shift-register circuits 4 that give both the random and time- 
conelated neutron counting rate. 


HOM28(J)6/12/89 


2 


II. DETECTORS 


Four similar detector systems were used in the present experiments to increase sample 
throughput and to act as control experiments. All of the detectors were located in the same 
experimental laboratory with separation distances of 1 to 2 m. There was negligible crosstalk 
between the detectors because of the small yield of the neutrons and the large solid-angle coupling 
of each samp le to its primary detector. The characteristics of the four neutron detectors are listed in 
Table I. The efficiencies were measured with a calibrated ^ZCf source (Av energy = 2.3 MeV). 
These compact high-efficiency detectors were developed at Los Alamos National Laboratory as 
part of the nuclear safeguards program. ^ Detailed descriptions of the detectors can be found in 
Refs. 6-8. These detectors are well suited for detecting the neutron bunt emissions for the 


following reasons: 




O' 


• The neutron slowing time jitter in the CH 2 gives an instantaneous burst of neutrons 

* 

with a time spread of -40 ns (neutron die-away time in the detector related to neutron 
moderation, leakage, and capture). 

• Four amplifier channels are used in each detector with electronic clipping time constants 
of -200 ns. 

• There is a derandomizing buffer storage 4 at the input to the shift-register electronics to 
reduce deadtime for burst events. 

• All neutron counts trigger the time correlation circuit without waiting through the gate 
time, thus reducing deadtime. 

• High efficiency is required to detect a significant fraction of the small burst 


Figure 1 is a photograph of the System 3 neutron detector with a pressurized D 2 gas cylinder 
being placed in the cavity. The five CH 2 ( 3 He tubes) pods on the circumference of System 3 can 
be used to determine the average neutron energy when sufficiently high neutron yields are 
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obtained The energy measurement is derived from the ratio of the counting rate in the outside 
tubes ( 3 He) to the inside tubes. The ratio is a function of the average neutron energy because of 
the differential energy transmission through the CH 2 . 

The time-correlated neutron counting 4 is essential for the neutron burst results reported in this 
paper. Every neutron count that enters the circuitry triggers the time -correlation counters that check 
if there are any other neutron counts within the selected time gate. We are using a coincidence time 
gate of 128 |is and this corresponds to about 3 times the neutron die-away time of the detector. 

In addition to the coincidence gate scaler, there is an accidentals scaler that samples the same 
shift registers 1 ms after the trigger neutron count Most electrical noise sources put counts into 
both the coincidence gate and the accidental gate, but in all of our observed burst events, the 
content of this scaler has been zero. 

Additional measurements were performed to ensure that environmental noise was not getting 
into the detector systems. The results of these tests were as follows: (1) no gamma-ray sensitivity 
up to 1 R/h, (2) a detector efficiency temperature coefficient of only -0.01%/°C, (3) no electrical 
noise pickup for noise generators (Tesla coils) placed directly into the sample cavity, (4) a long- 
term stability (precision) of 0.01%. 

III. MEASUREMENT PROCEDURES 

A. Gas-Type Experiments 

The Ti and Pd sam ples used in the D 2 -gas-type experiments were contained in a pressurized 
gas cylinder approximately 5 cm in diameter and 25 cm long. After evacuating the sample for 
about one hour at 150-200°C, the cylinder was backfilled with D 2 gas at room temperature and 
sealed. 

The sealed sample was then put through a liquid nitrogen (LN) temperature cycle. Typically, 
the LN cooling would last for 20-60 min. The sample was then removed from the LN and placed 
in the neutron detector cavity and allowed to warm to room temperature. 
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The measurement time bins were typically 1000 s; however, longer time intervals were used 
for some of the overnight runs. A complete temperature cycle would take about one day for most 
cases. Some cycles were shorter, lasting -5 h. A given sample cylinder would be put through 7 to 
14 of these cycles. The neutron emissions always ceased after a few cycles. Several of the 
samples were counted during the cooling down phase of the LN cycle with negative results. 

One of the gas cylinders (DH-1) contained both D2 gas (40 atm) and H2 gas (40 atm) for a 
total of 80 atm. 


At this early phase of the investigations, we have focused on experiments that contained a 


B . Sample Material 


wide variety of material forms to maximize the chance of getting a neutron yield. The samples that 
gave neutron emissions contained mixtures of Ti and Pd turnings, sponge, foils, crystals, and 
powders. At least some of the material had been used in electrolysis experiments of the Jones- 
type. 2 Twelve gas cylinder samples have been used in the experiments and five have yielded 
neutron emissions. Our attempts to run experiments using a single material component to isolate 
the neutron source have been unsuccessful except for one case. This isolation is very difficult 
because of the nonreproducibility of the effect That is, the "right material" category might still 
give a negative result because it lacked the special feature required for the emission of neutrons. 
The one exception to this isolation problem was sample DH-1 that contained only Ti alloy (6% Al, 
6% V, and 2% Sn) turnings. 


C. D2O Electrolysis 

In addition to the gas phase experiments, we have run four experiments using Jones-type 2 
cells and electrolytes. Each of the experiments had six D2O cells located in System 1. The anodes 
were gold foils and the cathodes varied with Ti, Pd, and V metal, foils, crystals, and sponge. 

For one experiment, the electrolyte was D2O mixed with the multiple ingredients described in 
Ref. 2. The other two included Pd and Ti in an acidified D2O plus U2SO4 solution. The currents 
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and voltages were also varied over the range described in Ref. 2. For the most recent (fourth) 
experiment, an electrolyte was used that contained only D 2 O plus U 2 SO 4 . The data were collected 
in 1000 -s or 2000 - s time bins, and each experiment lasted for several days. 

During the electrolysis experiments, simultaneous E >2 gas-type experiments were in progress 
in Systems 3 and 4. 


IV. RESULTS 




A. Gas Phase Experiments 


1 . Burst Results. The first burst-type neutron emissions were observed from the gas- 
filled cylinder Ti-1. Most of the burst results give off too few neutrons to be measured in the 

♦ <s 

uncorrelated (random) counting mode. 

Cylinder Ti-1 underwent two LN temperature cycles without measurable neutron emissions. 
However, on cycle 3, two bursts were counted as shown in Fig. 2. The correlated background 
rate is about one count every 2000 s. Two more bursts were measured about 5 h later on 
temperature cycle 4. The dummy (inactive) cylinder was run through the temperature cycle 
alternating in the detector (System 3) with Ti-1. The control counter (System 4) provided null 
results during the entire experiment. Six subsequent LN cycles on sample Ti-1 gave null results. 

Figure 2 gives the coincidence results for Ti-1, including the two active cycles as well as the 
results for the dummy cylinder that was cycled alternating with Ti-1 in System 3. 

The next several cylinders were loaded with single Ti and Pd components in unsuccessful 
attempts to isolate the material that gave the neutron emissions. After four samples with null 
results, another integral (multicomponent) cylinder was measured with burst yields during six LN 
cycles (4, 5, 6 , 7, 8 , and 9). The largest burst results gave 85 neutron counts representing a 
source term of 253 n. This large spike was observable also in the totals rate. 
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A collection of the six active cycles with Ti-6 is shown in Fig. 3. Both Ti-1 and Ti-6 
demonstrated a pattern of bursting during the third or fourth 1000-s time interval during the warm- 
up. The frequency distribution for the bursts from samples Ti-1 and Ti-6 peaked at 2800 s into the 
warm-up cycle. 

To help establish the cylinder temperature vs the warm-up time, the dummy cylinder was run 
through the LN cycle with a thermocouple temperature probe inside the cylinder at the general 
location of the Ti material. The most probable temperature for the neutron burst observations was 

vO 

approximately -30°C. This burst time occurs about 15 min before the frost coating on the 
cylinders starts to melt. 

The significance of the relationship between the temperature and the neutron bursts is yet to 
be established. It might be related to phase changes in the metal or to other stress and 
nonequilibrium conditions. The possibility of electrical discharge from cracking mechanisms will 


be discussed in the summary. 


a u. n 


2 . Burst Results from D2 and H2 Gas Experiments. In addition to the burst 
results described in the previous section, we have observed smaller bursts from a different type of 
experiment In this experiment, the cylinder was loaded with 40 atm of D 2 plus 40 atm of H 2 gas. 
The addition of the H 2 gas was motivated by the possibility of obtaining p + d fusion in future 
experiments and measuring the high-energy (5.4-MeV) gamma rays. 

This sample gave no bursts during the warm-up from LN temperature; however, we have 
observed at least four neutron bursts from the cylinder at room temperature. These data are shown 
in Fig. 4, where the top curve corresponds to the sample data and the bottom curve corresponds to 
the dummy cylinder run in the same detector (System 3). The control detector (System 4) was in 
operation during both the sample and dummy runs, and no bursts were observed in the control 
experiments. 
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3. Random Neutron Emissions. In addition to the burst-type results, we have 
measured random neutron emissions from two of the gas cylinders. The electronics that we are 
using were designed to separate purely random neutron emissions from time-correlated bursts in 
which two or more neutrons emitted at the same time are considered a correlated event 


Sample Ti-1 emitted random neutrons for at least an 18-h period while at room temperature. 
During LN temperature cycles 1 and 2, no burst neutrons were observed; however, when the 
sample was counted overnight (12 h) after cycle 2, we measured a yield of random neutrons. No 
time-correlation neutrons above the small background levels were observed during the 12-h period. 
Figure 5 shows the data from Ti- 1 together with the data from the dummy cylinder collected the 

j Cj 

following night The data taken in the control counter (System 3) during the same two nights gave 
a constant background rate during the two nights. The average of the sample data is 1 la above the 


r m 


8 > 


average of the dummy runs. 

Immediately following the Ti-1 overnight ran, in System 4, the sample (Ti-1) was counted 
alternating between Systems 3 and 4 with the dummy in the opposite detector. These runs were 
for 4000 s each with two round trips in each detector for a total of 8000 s in System 3 plus 8000 s 
in System 4. Sample Ti-1 gave an excess of random neutron counts in both systems and the 
combined (both detectors) significance for Ti-1 was 4.3c above the du mm y background. No 
temperature cycling was involved during this period. 

Sample Ti-3 gave an excess random neutron emission during the 5-h period following the 
first LN temperature cycle. The totals data are shown in Fig. 6. Subsequent temperature cycling 
of this sample gave no random or bursts emissions. 

For the random neutron emission results, long counting intervals are required to statistically 
differentiate the low-level emission rates (0.05-0.2 n/s) from the cosmic-ray background rate. 


B . D2O Electrolysis Results. 

We performed three experiments with Jones-type 2 cells where each experiment involved six 
D2O cells containing different cathodes of Ti, Pd, and V metaL While two experiments showed 
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~3 g results above background levels, the limited sensitivity in the random-counting mode 
precludes any definitive statement concerning neutron emission at this time. 

For a fourth experiment, we only used D2O plus 10 g/L U2SO4 with the pH adjusted to 4 
with H2SO4. This experiment gave burst yields after running the current for about 12 h of 
electrolysis, and the bursts continued for several days. The time -correlation (coincidence) data 
from the detector (System 1) is shown in Fig. 7 (top). The burst activity continued for several 
hours after cutting off the current at 71 h into the experiment The background dummy run (six 
clean D2O cells) was made immediately after completing the sample run. These data are shown on 

Vy 

the bottom portion of Fig. 7, and there is no evidence of burst events. The control runs taken in 


Systems 3 and 4 showed no burst activity during both the sample run and the dummy runs. The 
burst activity is evident for the sample run, and the largest burst corresponds to a source term of 
approximately 130 n. We are now trying to isolate which of the sample materials gave the neutron 
burst emissions. 


SUMMARY 


We have observed both burst and random neutron emissions from samples involved in seven 
different experiments. Table II gives a summary of the results. The significance level of the 
random neutron results is shown in the bottom of Table EL Two different detector systems have 
been used to meas ure the random emissions and three systems have detected the burst results. The 
individual burst results are as much as 2 orders of magnitude above the background levels. 

The results reported in this work do not define the neutron production mechanism. Several 
models have been proposed for the production of neutrons in the two types of experiments for 
which they have been detected; that is, electrochemical experiments and those in which various 
forms of Ti metals or alloys have been subjected to thermal cycling under D2 gas at pressure. The 
possibility of particle acceleration due to change separation during a fracturing process has been 
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suggested. 9 ' 14 In support of the latter suggestion, both electron and positive particle emission 
have been observed at energies of several keV on a time scale consistent with our observed neutron 
bursts during the mechanical fracture of TiDo.8- 14 Fracturing and fatigue of the samples has been 
observed in most cases where neutron emission has been detected in our laboratory. 

The random emission results cannot be explained as a large number of small bursts because 
sample Ti- 1 gave approximately 7000 random neutron counts during the 12-h experiment with no 
net correlations (including neutron pairs). 

Detailed characteristics of the materials that give the neutron emissions have not been 
established. It is difficult to isolate the material characteristics that are responsible for the neutron 
emissions because of the unpredictability of the emissions. It is likely that the burst effect is not a 
property of the bulk material but it might be related to isolated dislocations in the samples. Also, 
there are probably different mechanisms responsible for the burst results and the random neutron 
emissions. The common denominator for all of the neutron emissions is that the samples are in 
nonequilibrium conditions. 

We havie not yet measured the neutrotrenergies because the yields still are too low for the 
neutron spectrometry measurements. The neutron yields that we have measured in the present 
experiments are very low. For the highest random emission yields from Ti-1, the levels (0. 1 n/s) j 
were similar to the yields reported by Jones et al. 2 However, our neutron burst results are too 
small to be detectable in the uncorrelated (random) neutron counting mode. For example, a 
neutron burst of 40 n measured during a 5-h experiment represents an average source term of 
0.002 n/s. 

Our future work will focus on the characterization of the material to obtain higher yields and 
to understand the neutron source mechanism. We will measure the neutron energy and repeat the 
experiments with H2 and DT gas to help establish if the neutrons are originating from cold fusion, 
hot fusion (cracking and fractures), or some other source. 
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FIGURE CAPTIONS 


Fig. 1. Cylindrical detector System 3, consisting of 16 3 He tubes in the central annulus plus 5 
exterior CFb plus 3 He pods for background control and energy determination. A typical D 2 gas 
cylinder is being placed into the sample cavity. 


Fig. 2. The combined coincidence results for the Ti-1 sample (left side) and the dummy cylinder 
(right side) that were measured in System 3. The dummy and the T-l sample were measured 


alternating in time in the detector. 


NA 




Fig. 3. The coincidence results for six active cycles for sample Ti-6 measured in System 3. The 
neutron burst results mostly occur 2000-4000 s into the warm-up period. 

Fig. 4. The number of coincidence neutrons vs time for sample DH-1 (top curve) and the dummy 
cylinder (bottom curve). All of the bursts occurred at room temperature. 


Fig. 5. The totals (random) neutron counting rate for sample Ti-1 measured in System 4 over a 
12-h time period at room temperature. The right-hand section of Fig. 8 corresponds to data for the 
dummy sample in System 4. 


Fig. 6. The totals (random) neutron counting rate from sample Ti-3 vs time for the warm-up from 
the first LN temperature cycle. 

Fig. 7. The time-correlated (coincidence) neutrons counts vs time for six D 2 O electrolysis cells 
measured in System 1. The bottom data correspond to six D 2 O dummy cells measured in the same 
detector after the sample run was completed. 
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NEUTRON DETECTOR CHARACTERISTICS 
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TABLE n 


SUMMARY OF RESULTS 


Neutron Burst Emissions 
Sample No. 


Number of Bursts 


Burst Cycle 


Ti-1 
Ti-6 
Ti-10 
Ti-1 1 
DH-1 

D 2 O/U 2 SO 4 

Random Neutron Emissions 
Sample 


4 
8 
2 
2 

5 

6 




1,2 

NA 


3,4 

4, 5, 6,7, 8, 9 

5,7 

/> 

4 


Detector 


Significance 

Level 


Ti-1 

Ti-1 

Ti-3 


✓ 


<0 


<? 


System 4 

jKjjr 

Systems 3 and 4 


System 3 


llo 

4.30 

5.30 
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Energy Research Advisory Board 
to the 

United States Department of Energy 
1000 Independence Avenue, S.W. 
Washington, D.C. 20585 
(202) 586-5444 


dune 15, 1989 




TO; Cold Fusion Panel 

Subject: Visit to Stanford University on July 6 



Those who have indicated that they are attending are: Allen -Bare!- Howard 
Birnbaum, Clayton Call is, William Happer, John Huizenga, Darleane Hoffman 
Kenneth Fowler, and Dave Goodwin and Tom Finn, 


* 


Reservations have been made for all participants for the night of July 5th 
(except Drs. Fowler and Hoffman) at the Holiday Inn, 415 El Camino Real, Palo 
Alto, CA. Their telephone number is (415) 328-2800, and each of you should 
call the Inn and give them your credit card number to confirm your 
reservations. You have a government rate of $56.65 (including tax) and be 
sure to bring your travel authorization with you if they should ask for it. 

Your meeting will begin on July 6th at 8:30 a.m. with Dr. Robert A. Huggins at 
his office, which is on the Ground Floor of the Peterson Building 
(Building 550) at Stanford. A map is attached. 


I suggest you rent cars, possibly sharing rides with Individuals with your 
approximately travel schedules. 

Other members who wish to make this visit should let me know as soon as 
possible. 





Will iamH/oodard 
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Energy Research Advisory Board 
to the 

United Stttei Department of Energy 
1000 Independence Avenue, S.W. 
Waihington, D.C. 205B5 
(202)586-5444 


June 28, 1989 

TO: Cold Fusion Panelists and Staff Visiting SRI (Bard, Blrnbaum, Callls, 

Garwln, Mapper, Hulzenga, Hoffman, Fowler, Goodwin, and Finn) 

SUBJECT: July 6 Visit 


Richard Garwln has arranged for you to meet with Michael McKubre at SRI on 
July 6, following your meeting at Stanford. Your appointment with Dr. McKubre 
Is at 1:30 p.m. sc you should probably plan to leavo Stanford by 1:00. SRI is 
located In Menlo Park at 333 Ravenswood Avenue. When you leave the Stanford 
campus take El Carelno Real (north) about 4 traffic lights to Ravenswood Avenue 
and turn right. Go about a mile on Ravenswood and look for a sign on the 
right for "SRI Visitors". A receptionist will call Dr. McKubre and he will 
meet you. For future reference his address and telephone number are as 
follows: 

Dr. Michael McKubre 
Room AB 222 
SRI International 
333 Ravenswood Avenue 
Menlo Park, CA 94025 
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WIDER AUDIENCE BECAUSE OF THE UNIQUE APPROACH 

THIS INFORMATION IS BY NO MEANS READY FOR 
PUBLICATION OR THE BASIS FOR ANY CLAIMS THAT 
COLD FUSION HAS EITHER BEEN CONFIRMED OR 
REFUTED. 
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OPENING REMARKS 
T.O.PASSELL 


Richard L. Garwin 
IBM Research Division 
Thomas J. Watson Research Center 
P.0. Box 218 

Yorktown Heights, NY 10598 
(914) 945-2555 


June 12, 1989 


Professor Norman F. Ramsey 
Harvard University 
Lyman Laboratory of Physics, 
Room 228 
9 Oxford Street 
Cambridge, MA 02138 

Dear Norman, 



As promised, I spent Friday afternoon, 06/09/89, at 
Frascati, looking into the experiment by F. Scaramuzzi, et 
al . Scaramuzzi had to be away, so he arranged for me to 
talk with Marcello Martone. I had a full exposure to the 
table- top experiment. My comments are summarized in the 
enclosed letter to Martone. 

Martone now understands that efforts to maximize the yield 
by variations in the conditions of the experiment have been 
misguided; he will now concentrate on attempting to 
reproduce the initial results. 


Martone gave me details of another experiment on which we 
had only sketchy information by Scaramuzzi in Santa Fe. As 
a result, I have written the enclosed MEMO to my colleague 
at IBM, Jim Ziegler. 

Norman, I enclose also Cold Fusion News , No. 14 from Douglas 
R.O. Morrison (CERN) . I think this is a very useful report 
of the Santa Fe meeting. I am sending it along with this 
letter and other attachments to Bill Woodard and urging 
prompt distribution to the members of the committee. 


Although I have been in Europe the last week, I am disturbed 
by the appearance in the newspaper of comments by Panel 
members on views of other Panel members. It seems to me 
that Panel members should not ascribe views to others on the 
Panel. Furthermore, I reject the allegation of Stanley Pons 
that I am "negatively biased" in my views. I actively seek 
experimental results, whether they show evidence of neutrons 
or heat, or not. I assess their validity, and modify from 
day to day my judgment as to what is going on. If you would 
accept the view that a Panel member is "negatively biased" 
if he or she judges that their is no solid evidence of heat 
produced in the Utah experiments, what would happen if the 
entire present Panel came to that conclusion? Would we be 
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forced to add still more people who believed that their was 
heat, in order to maintain a "balance"? 

Thus far, my favorite experiment is that by M.E. Hayden, 
"High Precision Calorimetry ..." Vancouver, simply because 
of the evident care with which the experiment was designed 
and performed, and the clarity with which it was presented. 

As for the experiments by H.O. Menlove, et aJL (Los Alamos), 
I have heard that engineers working on the experiment 
suggest that the "bursts of neutrons" observed are due to 
sensitivity of the counters to ultrasound. I spoke with 
Howard Menlove from Rome 06/08/89, who says that the 
counters have no sensitivity to ultrasound, but that they 
were going to install a microphone on the sample container 
to look into the matter. I shall communicate by telephone 
with these individuals 06/13/89 to see what I can learn. 

I am particularly looking forward to my visit to Robert 
Huggins at Stanford University. 

Very best regards. 


Sincerely yours. 


Richard L. Garwin 




Enel : 

06/12/89 LTR RLG to^fl: Martone re summary of 06/09/89 

visit. 

06/09/89 MEMO RLG to J. Ziegler re cold fusion. 

05/28/89 Cold Fusion News , No. 14, report of Santa Fe 
meeting. (052889DROM) 


of 06/09/89 


cc : 

> John Huizenga, Rochester. 

> W.L. Woodard, ERAB. 


RLG: j ah: 163%NFR : 061289 . NFR 



To : James F. Ziegler 

28-024 

P 0 Box 218, Yorktown Heights, NY 10598 


Date : June 9, 1989 

From: R.L. Garwin x2555 26-234 Yorktown Heights, NY 

IBM Fellow and Science Advisor to the Director of Research. 
VNET: RLG2 at YKTVMV; 

RSA1 at YKTVMV (JoAnn T. McLoughlin, Secretary) 


Sub. : Cold fusion again. 


As I briefly heard in Santa Fe, there has been an experiment 
done by folks of ENEA at Casaccia-- (|\ Mazzone and 
M. Vittori. These people took 10 grams of Ti foil, 0.5 mm 
thick. They degassed at 1000 C and then they applied 
20 Torr of deteurium for 20 minutes, cooling to room 
temperature. Then they suddenly heated to 1000 C with a 
lamp at a very high rate-- perhaps 100 C/s. While they 
heated, they pumped out the gas. Then they had neutrons for 
5 minutes, with a peak rate of 7000 counts per minute. With 
an efficiency of the counter of about 0.5%, this was a 
source rate of 1 million per minute, peak. 

In a second run with the same Ti sheet, they degassed at 
1000 C, cooled to RT, then admitted 20 Torr of D2 . They 
observed neutrons for 5 min at a peak rate of 1800 
count s/min. 

In a third run, after degassing at 1000 C they held the 
sample at 500 C while soaking in 20 Torr of D2 . On heating 
rapidly to 1000 C, they saw 7000 counts/s of neutrons peak 
(for 5 minutes), but this time there was also a long (one 
hour) low tail. 

This is sufficiently quick and clean that I think we should 
do it. Also, no high pressure is involved-- could do it in 
a quartz tube with radiant heater or ordinary furnace. You 
might ask Th j s Broer whether Bell has done anything along 
these lines. 


R.L. Garwin 
cc : 

P.M. Horn, YKTN. 
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Richard L. Garwin 
IBM Research Division 
Thomas J. Watson Research Center 
P.0. Box 218 

Yorktown Heights, NY 10598 
(914) 945-2555 

FAX: (914) 945-2141, Telex: 137456 IBMRESRCH YKHG UD, 

BITNET: RLG2 at IBM.COM 


June 12, 1989 
(Via FAX to (39-6) 9400-5400) 


Mr. Marcello Martone 
ENEA 

Dip, TIB, U.S. Fisica Applicata 
Centro Ricerche Energia Frascati 
C.P. 65-00044 Frascati 
Rome 
ITALY 

Dear Dr. Martone: 

Thank you very much for the frank and warm discussions and 
for your hospitality in receiving me in your laboratory 
Friday, 06/09/89. I was very glad to see the actual 
apparatus and also to talk with Dr. De Ninno. 

When I first saw and obtained a copy of your preprint from 
Professor Amaldi 04/23/89, I was, of course, most interested 
to understand it. So I was glad to be able to discuss with 
you extensively Figs. 2 and 3 of that report and to be able 
to see the actual log book. 

You were interested in my views as to what might be done to 
validate these results, and I am happy to set them forth 
below. I think it very important, as we discussed, to try 
to repeat the successes of this experiment, rather than to 
use our "understanding" (of which we have very little) to 
optimize the yield. 

First, there is a set of experiments that will help to 
determine whether the counter itself is responsible for 
these signals, completely independent of the treatment of 
the sample. To this end, the counter ought to be left on 
continuously (or when not left on continuously, its counts 
should be recorded whenever the counter is on), with a view 
to seeing whether, over a long period of time, there are any 
bursts of counts such as are shown in Fig. 2, or any 
indication of signals such as those shown in Fig. 3. 

Dr. Douglas R.O. Morrison, of CERN, has been distributing 
his weekly assessment of the situation in Cold Fusion News . 
No. 14 of 06/01/89 reports on the Santa Fe meeting, and on 
pages 8 and 9 reports as follows: 
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"Moshe (Gai) also gave a short evening talk about 
possible errors that can occur. Firstly he said 
that BF3 counters should not be used! - they were 
too unreliable and subject to false counts from 
temperature changes, humidity, vibration. . . . Also 
PSD could cause errors and calibration was 
necessary. " 

If you or one of your group has a userid on BITNET or 
EARNET, I can send you the whole file. You might want then 
to have Morrison put you on his distribution list; I find 
his reports very informative. 

In any case, the warnings about BF3 counters certainly 
arouse suspicion of these results. 

Accordingly, I would suggest that you look into the 
meteorology of 04/15-16/89. It would be verfjp\Livteresting to 
note the course of temperature and relative humidity over 
Saturday and early Sunday morning to see whether there might 
have been a problem with condensation on the wires of the 
counter . 

We neglected to try to detect any sensitivity of the counter 
to ultrasound. I suppose a reasonable approach might be to 
pour sand from a height of 50 cm, so that the individual 
grains strike the case of the ^counter . 

Looking toward the future, I feel that it is very important 
to put into operation at least one other counter, 
simultaneously and independently recorded. Surely, a burst 
of neutrons that saturates the black counter (as in Fig. 2) 
would provide simultaneous counts in one of your white 
counters at a similar distance. One does not even need to 
determine accurate relative timing of the bursts. The curve 
of Fig. 2 for the two counters should track one another. 

I am by no means sure that the bursts of Fig. 2 are caused 
by neutrons. As I indicated, the neutrons should emerge 
with an exponential tail in time from the moderator, so that 
one would have to invoke not only multiple neutrons but also 
sever saturation of the detector in order to prevent counts 
emerging after each burst at a decreasing rate over a 
multiple of 60 microseconds. 

The databook for the counter does not have a schematic 
diagram of the preamplifier. I am sure that you either have 
one or will obtain one from the manufacturer. Could you 
send me a copy? 

But if one claims those bursts are neutrons, then it seems 
to me that you are obligated to determine experimentally the 
response of the counter to relevant neutrons and to neutron 
bursts. I suggested that you put a plastic scintillator 
near the black counter and illuminate it with fast neutrons 
from a Pu-Be source. If the pulse from the scintillation 
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counter opens a gate, in about one percent of the cases you 
will see a delayed count from the BF3 counter, and a plot of 
these delayed coincidences vs. time should be the curve 
rising to a maximum in 10 or 20 microseconds (as discussed 
in the databook) and falling eventually with an exponential 
tail. Thus you will have experimental proof of the 
single-neutron response curve of the BF3 counter. 

The response of the preamplifier could be determined by 
using a pulse generator to detect a burst of "neutrons", and 
feeding that to the terminal joining the preamplifier to the 
counter tube. I hope, also, that your microton experiment 
works . 


I would be pleased to hear from you of the results of your 
efforts to repeat your very interesting experiment. 


Thanks very much for providing more details of the results 
of the experiment of G. Mazzone and M. Vittori, which were 
just sketched in Santa Fe by Scaramuzzi. I have informed 
Jim Ziegler, and I hope very much that he will repeat this 
experiment quickly. I will let you know the results. 

You asked me about U.S. funding of conventional fusion 
programs, and I mentioned a recent article. Here it is from 
the International Herald Tribune of 06/09/89. 


Very best regards. 
Sincerely yours. 


Richard L. Garwin 
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Richard L. Garwin 
IBM Research Division 
Thomas J. Watson Research Center 
P.0. Box 218 

Yorktown Heights, NY 10598 
(914) 945-2555 


June 14, 1989 
(Via FAX to 9-(409) 845-4205) 


Professor John Bockris 
Texas A&M University 
Department of Chemistry 
College Station, TX 77843-3255 

Dear Professor Bockri^: 

Thank you very much for the draft 
"Observation of Tritium Production . . . 


,<S\ 

paper sent 


06/09/89, 


I have 
the text 


I will refer to 
page. 


two major problems with thi s pa per. 
t by page and decimal fraction of a 

Page 2.9 You say that approximately 10**10 atoms of tritium 
are produced per second, neglecting losses to the gas phase. 
Of course, in the mechanism that you eventually cite, we 
know very well that a number of tritium atoms per second 
produced would be equal to the number of neutrons produced, 
and you mention (page 3.2) "50 neutrons per minute", but 
where are the rest of the 10 billion neutrons per minute 
that you should be producing if your tritium is due to 
fusion? >c ✓ 


is my first problem-- that not only are you assuming 
fusion under some very strange circumstances, you are 
assuming fusion in a bombarding energy range that has been 
Wel n O c Xpl0red (I desi 9 ned and participated in an experiment 
m 1951 to measure exactly this cross-section), but also the 
mechanism that you cite will not work. 

Page 4.1 Here you say "Here, at the low radius of curvature 
tips, local electric fields of approximately 10**10 V/cm may 
bring the D+ ion in transfer to an energy of 10 keV 
su ffi c i e ^t to fuse with an absorbed D+ on the electrode 
surface. Well, even though one may get such very high 
electric fields, the energy that a charge can reach is 
simply the electric field times the charge times the 
distance over which the electric field operates. And this 
distance is Y er Y small. In fact, the distance is limited by 
the applied voltage, which is 10 volts rather than 10,000! 

Therefore, no matter how low the radius of curvature of the 
tip, one can still not by this mechanism obtain deuterons of 
energy in eV greater than the voltage applied to the cell. 


PAGE 2 


That has 
problem. 


always been 


the problem. 


and it 


Please let me know your views 
Very best regards. 

Sincerely yours. 


on these 


remarks. 


remains 


Richard L. 
Forwarded 


Garwin 

in his absence 
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TEXAS A&M UNIVERSITY 

DEPARTMENT OF CHEMISTRY 

COLLEGE STATION, TEXAS 77043-3255 

June 14, 1989 


Dr, Richard L. Garwin 

IBM Research Division 

Thomas J, Watson Research Center 

P.0. Box 218 

Yorktown Heights, NY 10598 


Dear Dr. Garwin, 


& 


Thank you for your faxed notes on a draft of our tritium paper. My 
answer; 

(1) Experimental Results in scientific measurements have a certain 
probability o£ being "real" (I.e.is acceptable to the majority of scientists 
believing In the paradigms of the time). The solutions from the electrode 
which gave tritium were analyzed by two independent methods (different 
buildings, independent workers) at Texas A&M; three governmental labs at two 
of which extremely experienced tritium analysts did the work and two private 
organizations, at one of which an extremely experienced tritium analyst did 
the work. All results agreed to +2%. Under such circumstances, the result is 
effectively certain, - certain, that it, that tritium to the stated degree was 
In the solutions given for analysis. 

We have examined multiply the probability for it being there illicitly. 

We conclude that the wilful injection in secret of tritium by some person Is 
the only possibility. However, the tritium-time relation, - particularly its 
final value, does correspond to the amount which would be expected to be there 
had an electrode been producing energy by means of the process; 




<s 


D + D-+T + H + 4.Q2 Mev. 


for the time of the electrolysis. I doubt if anyone who handled the 
measurements knew enough of the physical chemistry of solution - gas- 
equilibria to do the calculations necessary to put in the right amounts. 

If these statements convince you that in 7 out of 11 electrodes, tritium 
was produced during the electrolysis of D 2 0 (LiOD) then the objections you 
! make (both which come from theory) can be set aside without argument. The 
assumptions to the theory used must be inapplicable to the circumstances. 


However, there would be the following to comment, 

(1) Branching ratios; the neutron production by all the people who have 
measured neutrons from electrodes (and this ("The Jones Effect") now seems 
established) , are all far too small to produce heat. Because of the rare 
character of their appearance, and the fact that they seem to turn up after 
very long electrolysis, T am at present in favor of the idea that they occur 
in a Kiliow mechanism, - cracking due to embrittlement (A field in which I 
have much experience). There is a sonic technique whereby such cracking can 
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Dr. Garwin 
June 14, 1989 
Page Two 


be heard and we plan to listen for cracks and attempt, to correlate such cracks 
with neutron emmission. 


Measurement of tritium to the same order as that found her© has also been 
observed by Gr02zl (Rome) and by Schoesser and Wollingford (Gainesville). If 
one accepts it as established (and it is much less firm than the neutrons), 
then it seems to provide evidence that fusion does occur (whether the source 
of the heat or not) and that the branching ratio in solid state confinement 
differes from that in plasma. Dr. Guang Hai Lin, a physicist, working with me, 
has a model which seems to him qualitatively to rationalize this difference. 

♦ <sA 

The vital point in your letter concerns my attempt to rationalize fusion 
in the electrical double layer. My attention was first drawn to this idea was 
a telephone conversation with Csikel (Hungary) , who reported in early April 
that he was getting neutrons but that they faded after an hour or two and 
could be brought back by cleaning the electrode surface . 

At first I didn't think Csikei's confident statement that the potential 
difference in the double layer could give energies sufficient for fusion was 
credible. However, more recently I have argued as follows: order of 

magnitude of temperature for D + D fusion - 10 8o K. Corresponding energy in ev 
- 10 ev. When a deuteron in the Helmholtz layer at an electrode discharges 
(deuteron transfer) one can see it (I slmpify) as travelling about lA though a 
field of 10 volts cm and having, therefore, at the point of impact with an 
adsorbed deuteron ion on the electrode surface an energy of 1 ev. If, 
therefore, it is possible to find heterogeneous points in the double layer 
where the local electrid/|£eld is 10 11 volts cm' 1 , the deuterons arriving 
there will have an Impact energy of 10 3 ev. (note, not lO'' 1 ev) . 


What is the probability of this? It is possible to show that 




leld at promitarv of radius r = ft. 
field at surface of radius R r 


Now dendrites have tip radii ofl0' 5 -10' 6 cm taking R as ~ 1mm (our 
electrodes), one easily obtains a 10^ magnifying factor, more than enough. 

There is much more to say, - too much for the letter. In recent years, 
Henderson (IBM, Almaden) and others have shown that the metal electron gas 
extends out a few A and would envelop the region in which the D + -D lS+ impact 
occured. Screening! I cannot here develop the model for D^ + (the adsorbed 
deuteron) but 1 think I can show its reduced charge (charge transfer to the 
metal) will also ease repulsion. 

Thus, one begins to see some rational model. I have written these words 
in the interests of collegial co-operation and discussion. I don't believe 
their substance should be included in my NOTE. This is intended as a brief 
communication and its intention Is to make credible the massive production ot. 
tritium at spin? electrdodes . I don't believe more can be expected at this 
time, I am, after all, not a nuclear theorist, working in solid state 
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Ipr. Garwin 
une 14, 1989 
lfage Three 

:on£inement . Criticisms of my Note, I believe, should try to shake the 
Validity of the facts it reports. 

I stress that only 7 out of 11 electrodes gave tritium. Further, an 
excess heat producing electrode ( Fie ischmann- Pons Effect) gave an increase of 
tritium which could be explained in terms of isotopic enrichment due to 
electrolysis. Conversely, the tritium reported in the paper jj, enough 
(counting the gas-phase amount) to be consistent with heat production through 
~ + D T + H (although we do not know if the tritium producing electrodes 
produced heat) . 


Sincerely, 


/ 


in AvU, 




J. O'M. Bockris 

P.S, I don't think these matters will be ^solved for a year or two. The 
time of charging of electrodes which have radii of curvature sufficient to 
give heat to be measured by most calorimeters available is 1-3 months, lew 
valid experiments have been done (those at SRI (McKubre) seems to avoid all 
the criticism I can bring to mostt’jK ^ 

After the facts are known, and these nuclear particles connected with the 
heat (if such a connection is made) , -this is the time to think about fusion 
and theorize. To be frank with you, theorists can predict where the horse is 
only after they have been told it has left the stable. 
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